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RESERVE FOOD-MATERIALS IN BUDS AND 
SURROUNDING PARTS. 


By Byron D. HALstep, Rutgers College, N. J. 


The purpose of this paper is to consider the structure and 
reserve food-contents of the buds and surrounding parts in 
some of our trees and shrubs, with occasional reference to 
nourishing substances as stored in other parts of perennial 
plants. 

Particular attention will be paid to starch, because this is 
one of the most important constituents of the assimilated 
food of plants, is stored away in a granular form and admits, 
by means of its pronounced and characteristic reaction with 
iodine, of being easily detected and definitely located in the 
tissue bearing it. 

Buds are the free extremities of branches, or, to place the 
same idea in a different form, they are incipient branches, 
whether located upon the free extremity or along the side of 
a stem. Inthe former case they are called terminal, and in 
the other lateral buds. As to their relation to growth they 
may be active, that is undergoing elongation or branch 
formation, or dormant, as illustrated by them in winter. It 
is with these last that this paper will have most to do, for it is 
in preparation for the inactive period that buds become most 
highly developed, and their tissues charged with the nutritive 
food-elements that are so much needed to push the plant for- 
ward during the unfolding in spring. Buds are again divided, 
as to their future development, into those that will produce 
VoL. Il.—1. : 






































blossoms, called flower-buds, and those destined to grow into 
ordinary stems, and to bear the foliage of the plant. One set 
of buds become specialized, and are devoted to the particular 
function of reproduction, while their neighbors continue their 
erowth and maintain the plant itself. The leaf-bud looks 
only to the future of the individual, while the flower-bud 
carries with it the idea of a new plant that in time ts to 
flourish separately. In external appearance the buds of various 
trees and shrubs differ so greatly that they may well form a 
part of a full description of any plant. It is not our purpose, 
however, to go into any consideration of their sizes, shapes, 
colors and other peculiarities. Those buds that are herein 
treated have first of all a covering of scales accompanied by 
more or less of a lining of fur, and frequently in addition a 
varnish, all of which serve the important purpose of prevent- 
ing access of water and the sudden changes of temperature 
that might otherwise bring death to these seats of vitality. 
The protective layers that a plant places over the tender sub- 
stance of a growing point suggest the same provision for its 
own safety when hard times come as do the thick, impervi- 
ous coats that are wrapped round the germ of a future plant 
as found ensconced in the seed. Within the bud-scales, 
which may be few or many, thick or thin, etc., there is the 
point of growth now in a quiescent condition. It is somewhat 
conical, possibly almost flat-topped, but from below it and 
upon all sides there arise a number of lateral outgrowths, in 
regular order, the youngest being nearest tothe top, and these 
curve upward and cvertop the growing point. These greatly 
disguised leaves are the first ones to unfold when the bud de- 
velops into a stem’ while at the same time new ones are pro- 
duced in close proximity to the advancing point of growth, 
thus continuing the bud as it pushes forward, leaving behind 
a young stem with its developing foliage. In case of the 
flower-bud, if it be one formed in autumn, as that of the apple, 
peach and similar fruits, there are the same bud-scales, but 
instead of a growing point that will develop into a branch, 
there may be one or several miniature flowers which, when the 
scales are thrown back, quickly open out into the fragrant 
blossoms. 

















[t is a matter of common observation that buds, and par- 
ticularly those producing blossoms, open with rapidity, burst, 
as it is termed, and there is no corresponding formation of 
substance out of which to grow at that period in the life of 
the plant. It follows, therefore, that there must be a reserve 
of formative material stored somewhere in the plant for the 
purpose of supplying the needed nourishment at this im- 
portant and dependent annual period in the life of every tree 
and shrub. If we should consider seeds as to their minute 
structure, we should find that besides.the plantlet there is 
frequently a large mass of lifeless substance stored in contact 
with the embryo, as in corn, and often enveloping it. This 
liquifies in germination and yields to the unfolding plantlet 
ample support until it can thrust its roots into the soil, lift its 
fresh leaves up to the air and sunshine and shift for itself. In 
many seeds, as the bean, the embryo is large and gorged with 
the food-material that the parent plant has provided for it. 
There are many points of agreeucnt between a seed and 
a winter bud. Both are constructed for a period of inactivity, 
and protected from untoward influences by thick layers of 
impervious substance. Both start into growth under the 
same quickening influences of vernal warmth and moisture, 
and in fact the buds of some plants, as those of the Indian 
shot-lily, regularly become detached, fall to the ground and 
are the starting-points of new plants. This is an important 
point in proof of the similarity of structure of seeds and buds. 
We should, therefore, naturally infer that at some place in 
every bud, or near by, there is a reservoir of those substances 
that are needed for its initial growth at least. A study of 
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this point is now before us.* 


* The investigations, the results of which are herein presented, were begun 
during the winter of 1SSS-S9, when, continuously for two months at the lowa 
Experiment Station, the reserve food-substances in apple-twigs were studied 
ina score or more sorts, including a wide range ol hardy and tender varieties. 
The results as then obtained appeared in Station Bulletin No. 4. During 
the past year, in spring, summer, autumn and winter, the work has been ex- 
tended to include a large number of species of ligneous plants and the 


roots of many perennial herbs. 











AND CONTENTS OF TERMINAL 


BUDS. 





STRUCTURE 


The terminal buds seem the most natural place to begin 
the consideration of the subject before us. Ina general way, 
in the introductory notes, the structure of these buds, situated 
at the ends of shoots, has been pointed out, and it is for us 
now to pass more deeply into the subject, and with the aid 
of the microscope determine the minute anatomy of these 
points of conservation of vital energy. As before said, the 
leading component parts are the overlapping bud-scales_ pro- 
vided with more or less hair and varnish, within which is 
the bud proper, that is, the incipient shoot, bearing its leaves 
as minute outgrowths which are arranged in a definite (acrope- 
tal) order; the large outer ones inclose the younger and 
smaller ones, the central point of all being the extremity 
of the stem. As in all newly formed vegetable tissue en- 
dowed with the subtile power of further growth, the cells 
that compose the central portion are small, thin-walled, 
and their contents consist largely of that colorless semi-fluid 
and extremely variable substance called protoplasm, the ac- 
knowledged vehicle of vital activities. Below this cone of 
delicate and almost homogeneous cellular tissue the stem is 
seen to take its origin with the differentiation into the cylin- 
der of wood cells and vessels, having upon its inner side the 
comparatively unchanged pith, and, without, a thin layer of 
active cells that is to continue the growth in size of the 
branch by developing upon its inner surface new layers of 
wood, while outside is produced a protective substance famil- 
larly known as bark. Therefore, by mentally combining 
transverse and longitudinal sections of the base of a terminal 
bud, the observer is able to determine the method of forma- 
tion of the various elements that go to make up an ordinary 
twig. The young leaves that are a part of the dormant bud 
while still very small present but little more than the simple 
cellular condition common to the short tip of the branch that 
bears them. Among the outermost it is possible to distin- 
cuish the details of form and outline, together with the vena- 
tion and other points of differentiation determined by a micro- 
scopic examination of newly unfolded leaves. Of course, the 

















distance to which this work of bud-growth extends, varies 
creatiy within and outside of the species, and is not a matter 
to concern us farther at the time. 


RESERVE FOOD-MATERIALS. 


Plants which live from year to year do not use up all the 
nourishment prepared by the green parts, principally the 
leaves, during the season of active growth. They lay by a 
portion of this material to be employed in the vital processes 
at times when the plant cannot assimilate the crude sub- 
stances which are obtained from the soil and the air. In short, 
perennial plants, during the growing season, store some of 
their elaborated substances in places where it becomes availa- 
ble for nutrition in the early spring, while the plant is putting 
forth its young twigs and leaves. This reserve material, as it 
is termed, may for convenience be divided into two groups: 
namely, those which are known as carbohydrates; so called 
because consisting of carbon and the elements of water, that 
is, of carbon, hydrogen and oxygen, united in definite propor- 
tions. The leading carbohydrate is starch, familiar to every 
one as the basis of many foods for animals and man, as found 
in potatoes, corn, and a long list of other vegetable products. 
Oil is another reserve form assumed by the carbohydrates, 
and abounds in many seeds and other parts of plants. Sugars, 
which by themselves make upa group of the carbohydrates, 
are often found associated with the other forms of reserve 
food-material above mentioned. There are other forms of 
carbohydrates, but they do not specially interest us in this 
paper. 

The second division of reserve material, suitable for plant 
nutrition, is known as albuminoids, so named from a resem- 
blance to the albumen or white of egg. Protein is another 
term given to the same group of substances, all members of 
which agree in having nitrogen in their composition—a sub- 
stance which is absent in the carbohydrates. They are more 
complex and less stable compounds than the carbohydrates, 
and are stored usually as amorphous contents of cells. Some- 
times, however, they assume the form of grains (aleurone), or 
crystal-like bodies (crystalloids), and in these condensed condi- 
tions may be met with in seed, like beans and peas, which are 

















usually rich inthe albuminoids. The proteids are the basis of 
protoplasm, and protoplasm is the substance which is inva- 
riably present in every living cell. As protoplasm is the 
complex compound in which life always manifests itself, the 
importance of the albuminoids out of which protoplasm is 
made, becomes self-evident. 

Doctor Vines, in his new work,* in treating of the repose 
of the above compounds, says: ‘‘ When once deposited the 
reserve materials undergo no change, or, at most, the proteids 
may slowly undergo some alteration, so long as the organ in 
which they are deposited remains in an inactive condition. 
An organ in this state is practically dead for the time being, 
all its metabolic processes being arrested. It is capable, more- 
over, of resisting injurious influences, such as extremes of 
temperature and desiccation, which would prove fatal to it, 
were it actively living. It is obviously in consequence of this 
property possessed by such organs during what we may term 
this state of suspended animation, that vegetation is main- 
tained in regions in which the cold of winter is severe, and in 
arid tropical regions. The time of the possible duration of 
this state, without permanent loss of vitality, varies very 
widely.” [t is well known, for example, that some seeds retain 
vitality for a long time, especially starchy ones. With the 
quickening influences of warmth and moisture supplied by 
spring-time, the reserve materials undergo changes which con- 
vert them into substances that can readily travel to seats of 
vital activity when they are employed in growth. 

Starch.—Keturning to the carbohydrates, they will be 
taken up in the order of their importance. The test for 
the detection of starch is the very satisfactory one of iodine 
solution, which turns this substance blue, while it fails to pro- 
duce the same color in other cell contents. By means of this 
reagent, starch is found quite generally at a short distance 
below the growing point, and usually in the form of compound 
granules, the component parts of which separate quite easily. 
These masses, or compound granules, vary greatly in size, and 
the smaller particles of starch do not exhibit this compound 
nature. Starch-bearing cells of well-matured twigs may con- 
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tain hundreds of these granules, when they are completely 
filled with the nearly spherical masses. 

The relative position of the starch varies greatly with dif- 
ferent buds, cspecially in widely separated species of trees 
and shrubs, but inthose that are well matured, upon the same 
plant, there is a fair degree of constancy. 

At this point it is necessary to state that there are two 
classes of terminal buds, so called, among ligneous plants, 
with some gradations between them, not a little confusing. 
There are those which are characteristic of plants, with a well- 
defined habit of growth, that is, those that lengthen their 
shoots for a definite period, as in the horse-chestnut, for ex- 
ample, and then spend the balance of the growing season in 
forming a large terminal bud, and supplying it with nourish- 
ing food for the next year’s development. On the other hand, 
there is a large group of trees and shrubs, and especially 
brambles, that grow on indefinitely, produce no plump, ter- 
minal bud for winter, usually kill back, and therefore must 
start the farther elongation of the twig from some lateral bud 
perhaps a foot or more back from the end of the stem. It 
is needless to say that the remarks to follow obtain only 
with the first class, and the consideration of the sccond will 
appear later, because less simple. 

In order to make a careful, microscopic study of the cell 
elements of a terminal bud, it is necessary to secure several 
thin sections with a sharp razor, made in various directions 
through the bud. One of the most satisfactory is made length- 
wise through the middle of the bud, and from this the posi- 
tion of the food-elements, after a little experience, can be 
determined with a fair degree of accuracy. ‘This is said, not 
to discourage the making of horizontal sections, which are 
necessary for the demonstration of some important points, but 
to facilitate the work of those who may choose to extend the 
investigation herein outlined. 

igure I shows such a section through the terminal bud of 
an apple-twig, made in February, 1890, and therefore during 
a remarkably warm winter. The feature to be first observed 
is the dark column in the lower center (a) of the figure. This 
is the pith of the subadjacent stem, the cells of which are 














starch-bearing ; this fact being indicated by the darkness in im- 





itation of the color produced in this part of the section bya 
solution of iodine. At bandc are the scars of the last two 
leaves of the previous season, and from them pass inward and 
downward the vascular tissue that gives elasticity and strength 
to the twig. Other similar but smaller vascular threads are 
seen above, receding from the bases of the bud-scales, and 
uniting into a cylinder of woody tissue, still in a formative 
condition. The remaining part of the bud consists of small, 
many-sided cells packed together, a large number of them 
bearing complex, sphere-shaped crystals of oxalate of lime, 
while others are filled with semi-solid substances composing 
an impure form of protoplasm. The feature of most interest 
in this connection is the sharp line separating the starch-bear- 
ing cells of the pith from those inthe younger pith just above, 
in the contents of which starch is entirely absent. There ts 
a definite localization of the starch, as a rule, in or near all 
terminal buds that are fully matured. In those gathered be- 
fore the processes of growth are completed, the starch may be 
scattered in all parts of the soft tissue, and especially in that 
portion lying between the zone of wood and the rind. 

Besides the presence of starch, there is another marked 
difference between the pith indicated by the shading and the 
younger portion above, containing the albuminoids and crys- 
tals. The latter, it has been said above, 1s composed of thin- 
walled cells, and not materially different from those in all 
other parts of the bud. But the starch-bearing cells have 
their walls much thickened, and in such a manner that canals 
are left extending from the original cell wall to the free inte- 
rior, These canals of adjoining cells meet at the juxtaposed 
walls, so that provision is thus made for the ready transfer of 
material from one part of the storage tissue to any other. In 
fivure 2 is shown a portion of the tip of the starch-bearing pith 
in the terminal bud of a Duchess pear, and the adjoining thin- 
walled pith. At this line, which is usually somewhat convex, 
the tissue will often give way in making the sections, leaving 
the firm, thick-walled pith with a ragged edge. A few of the 
starch-bearing cells, highly magnified to show the details of 
their canaliculate structure, are shown in figure 3. 
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In making a longitudinal section of a terminal bud witha 
sharp knife, the operator quickly learns to detect the starch 
pith as soon as it Is reached in the downward passage of the 
instrument. The bud proper is cut with ease, but there is a 
sensation known to grafters and others as that of “‘grittiness,”’ 
which is due to the resistance to the knife caused by the many 
thick walls of the starch-bearing cells. This is one of the 
most important modifications of the ordinary cell wall, and 
consists of a thickening due to the intercalation into it of 
substance called lignin, which chemically differs somewhat 
from cellulose, and adds materially to the hardness and dura- 
bility of the tissue lignified. This power of resisting external 
influences is gained, however, at the loss of much elasticity. 
Lignifed cells do not abound in protoplasm, but water passes 
freely through their walls. All permanent, inactive tissue 
may become lignihfed, and when this process is freely carried 
out it yields the durable heart-wood so familiar in many kinds 
of timber. The subject is of interest because it helps to ex- 
plain the matter of ‘‘grit, or “ grittiness, so frequently spoken 
of by those who cut the twigs of various sorts of fruit-trees. 
The inflexibility of tips of certain plants is due in most parts 
to the large amount of lignin their pith contains. 

The free end of a mature twig consists of a cone of mi- 
nute, thin-walled cells, upon the outside of which the small, 
imperfect leaves, as bud-scales, arise in regular order, and, 
overlapping each other, enclose the tender growing point of 
the twig. From the scales, bundles of fivers and vessels de- 
scend and form a thin ring of wood around the pith just below 
the growing point. At this portion of the twig the pith 
makes up the greater part of itssubstance. Inshort, the bud, 
the stem, and for a quarter toa half inch below it, are com- 
posed of soft tissue, easily crushed with the thumb and finger. 
But below this the large central pith is particularly rigid, due 
t 
vil 


to the unusual thickenin at has taken place in the walls of 


ie th 
the celis. If the reader will bear in mind that the wood zone 
is very thin at the upper part of the twig, and that the bast is 
almost wanting, it will be evident that the pith alone must 
cive the rigidity found near the extremity of matured twigs. 
from the shape of the nearly spherical cells it follows that 
VoL. Il.—2. 
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there can be no very ereat toughness. Contrariwise, brittle- 
ness characterizes the upper portion of a well-matured twig, 
and for two or three inches below the terminal bud it will 
often snap, almost like a pipe-stem, when suificient side ) 
pressure Is applied 
SUars. Pests for other carbol var: tes were made, pPricti 

pally the various sorts of suevars.* Grape sugar Was gene 
ally present in variable quantities in ail terminal buds. Cane 


sugar and dextrine were likewise present In most cases, but in 


small quantities. Grape sugar was most evident near the 
crowing points, and cane sugar, if it appeared at all, was in 
the fine, unlignified tissue at the base of the bud. In view 
of the fact that starch is readily changed into sugar within 


; { | . | 
Lhe plant. under CONdCITIONS similiar at ic¢ast TO those SUI 
rounding the twies when Gathered tor testing, 1t tollows that 


+ + 


sugar, which in this connection may be considercd as another 


term for soluble starch, would be expected, and in variable 
quantities. Twigs gathered directly trom trees also showed 
these sugars in small amounts. 

Albuminotds or Protetds—Viis group of complex and very 
variable substances docs not readily admit of separation into 
individual sorts, and is therefore treated asa whole. Proteids 
are present in all living parts of ligneous plants, and are most 
abundant near the points of greatest vital activity. In the 


, 


apple, for example, there 1s Mit 


s 


tle or no albumen in the pith 


at the base of an old twig, very little in the wood zone, an 


abundance in the cambium layer, and the largest percentage 
in the buds. In these last places, when the buds are mature, 
the albuminoids make up a large part otf the cell contents, to 
the exclusion of the starch. <All the varieties studied exhib- 
ited the albuminoids as brick-red particles when treated with 
the Millon test, a nitrate of silver compound, described clse- 
where. On accountof the conspicuous color the presence of 
the protoplasmic compounds 1s casily demonstrated. When 
the tip of a twice was still soft, SPONLCY and without rigidity 
from a failure of the pith to lignify, there was only a feeble 


; . 


response. Protoplasmic matter was present, but so scattered 


the methods obse rved 11} the mie IQ phy toc hie mical tudv ‘on these ca®l 


bohydrates will receive sé parat treatment at the close of thre papel 
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OVeCr a larce area of cellular tissue that no distinct line or 
point of coloration developed, as is true of buds which have 
become ripe. 

) The albuminoids, therefore, like the starch, from their be- 
havior in green and ripe twigs, become a test of maturity. 
These complex compounds are the ones out of which proto- 
plasm forms, and afterward renews its strength. They are 
the most important reserve materials in the sense that they 
stand, In composition, nearest to that of protoplasm, which is 
the acknowledged vehicle of vital activities. It is not unnat- 
ural that these compounds, in a resting 


=> 


twig, should be stored 
in the buds wnere they are to be needed the coming spring. 
Starch may, therefore, be excluded from a well-equipped bud, 
because other substances of greater consequence, and accumu- 
lated in smaller quantities, are conserved at the points of 
srowth. In other words, there is a manifest tendency for the 
concentration of reserve materials at points where they are 
to be used, and in the order named; first the albuminoids, 
and next the carbohydrates—-first the basis of protoplasm, 
and next the substance protoplasm must use in the building 
up of new tissue, and in other vital processes. Following 
upon this is the conclusion resulting from the investigations, 
namely: that, other things remaining the same, the best-con- 
ditioned twig is the one having a sufficient amount of reserve 
material within casy reach, and in the best condition for the 
use of the piant. A well-preserved bud is therefore plump 
with reserve substance in a comparatively solid condition, 
being firm but not woody; 1s well protected from the tnjurt- 
OUS effects Oy] very sudden extr 1) ¢ change S ot te mp rature, 
and has close at hand a sufficient amount of starch, or other 
carbohydrates, for its most advantageous development. 
Whether one form of bud, as to its length, breadth and thick- 
ness, color or number, and hairiness of scales, may be better 
than another under any special condition, is a question more 
likely to be determined by field trial than by laboratory tests. 
Plants, seemingly equally hardy, may have the vital points 
very differently constructed. No matter along what line the 
problem has been worked out by the species, the chief point 


is to prepare for hard times, and having once made the prepa- 




















ration remain quiescent until the coast is clear for another 
vear of growth. The inherent tendency of one introduced 
variety of plant to start into growth before another may 
throw it into the class called tender, while another with the 
same structure, but differentiv disposed, will prove hardy. 
The test for sugar in the late winter may aid in deciding 
that a difference in this tendency enists, for starch, the chief 
form in which the carbohydrates are stored up in many kinds 
of twigs, is changed into sugar before it becomes available for 
plant nutrition. 

Crystals. —A few words concerning these structures, which 
were constantly met with in all buds examined, will be sufh- 
cient for this portion of the subject. Vegetable physiologists 
are agreed that true crystals (not including crystalloids) in the 
tissue of plants are a form of refuse, or left-over matter, re- 
sulting from the processes of growth, and put up in a consoll- 
dated form, to get them as much out of the way as possible. 
Some one has compared them to the pieces of brick, mortar 
and other material thrown into boxes and barrels during the 
construction or repair of a building. Crystals were rarely 
found in the old pith, and have not been seen in the wood, but 
are very abundant just below the growing tips of all buds in 
that cvlinder of tissue connecting the free extremity of the 
bud with the starch-bearing cells—a half-inch or so back of 
the tip. The loose green bark of ail parts of the twigs also 
abounds in these bodies, and they are especially numerous in 
the cellular tissue that les between the leaf scar and the bud 
above it. In this locality, a second form is often met with, 
which is smaller and rectangular in shape, while the prevail- 
ing sort is an irregularly spherical aggregation of  sharp- 
angled bodies, which have taken the name of sphzro-crystals. 
These crystals are composed of oxalate of lime (calcium ox- 
alate) and may be dissolved by mineral acids. 

Krom the composition of these bodies, their universal 
prevaience in about equal numbers, first in proximity to tis- 
sues which are the centers of rapid vital processes, and _ sec- 
ondly, in out-ot-the-way places, and for various other reasons, 
itis safe to conclude that crystals are no safe criterion by 


which to judge of the relative resisting powers of plants to 











































the untoward influences that may surround them. One would 
as soon think of deciding upon the stability of a house or 
bridge by the number of chips that the builders have made. 

Zannin.—\Like crystals in vegetable tissues, tannin is con- 
sidered as refuse matter, and not, with perhaps certain excep- 
tions, further active in the vital processes of the plant. Tan- 
nin, as recognized by salts of iron, is abundant in twigs, and in 
transverse sections is found most common in the rind, and the 
inner bark close upon the cambium, and between it and the 
zone of bast. There is a great difference in the amounts of 
tannin between the several species. The buds contain more 
than the other portions, and in immature terminal buds the 
tannin is quite generally diffused throughout all parts of the 


soft tissue. 
COMPARISON OF VARIOUS SPECIES. 


The reader is now prepared to make a comparative study of 
the food-materials in the terminal buds of some of our leading 
kinds of trees and shrubs, confining his attention for the pres- 
ent to those with well-developed buds at the extremities of 
the branches. In the horse-chestnut we have a typical illus- 
tration of buds with large and therefore conspicuous parts. 
A longitudinal section is made with great ease, and there is 
noticeable absence of the grit found in many twigs. The 
pith is very large, and at aninch or so below the bud it is 
dry and filled with air. The starch deposit occupies a thimble 
or nipple-shaped portion of the moist pith, above which is 
the growing point with its proteid compounds. Instead of 
crowing for a long distance at the least expense and strengeth- 
ening the upper portion by a deposit of lignin in the pith, the 
wood zone continues of considerabie thickness, and the buds 
rest in this ring as a crayon its held by its handle or clamp. 
l‘icure 4 illustrates these points better than can be described 
in words. The small amount of starch present may be due to 
the warm winter, for the varnish was much softened at the 
time of gathering (February 20), and the moist (almost wet) 
pith was filled with a mixture of the soluble carbohydrates and 
the albuminoids ready for the initial growth. 
of 


In remarkable contrast with the last are the clusters 

















buds at the ends of twigs, as in the cherry, oak, etc. The 
tip of the twig is enlarged; the wood zone is thin, but there 
is a corresponding lignification of the great mass of pith, 
thus giving stability to the end of the shoot and furnishing a 
reservoir for a large supply of starch from which the several 
buds can draw liberally when they need this nourishment. 

The maples offer a case of buds being in pairs, and there- 
fore there are three very near to the extremity of the twig—the 
terminal or central one and two lateral buds. In the hard 
maple (Acer saccharum, Marsh.)the disposition of the starch sug- 
scestsa thimble ora finger of aglove, it forming a narrow laver, 
in the pith that lies next to the thin zone of wood. In the soft 
maple (slecr saccharinum) the thimble has no tip, but is like a 
* olove finger ’ that has been cut off near the end. This may 
arise from the fact that the lateral buds are not so close to the 
terminal one. 

The ashes are like the oaks in having a large amount of 
starch near the terminal buds. On the other hand, the catalpa 
resembles the soft maple in having a‘ thimble.” 

In the locust we have an illustration of a poorly formed ter- 
minal bud, and the starch distribution is accordingly peculiar. 
The treatment of such cases comes more properly under the 
head of lateral buds, but they form a transition between the 
terminal and lateral. Thestarch of the upper two inches of the 
twig is distributed quite equally between the two buds either of 
which might receive it all. In the basswood there is much 
the same condition of things, and in the hackberry also. 

Among shrubs the lilac is a striking example of copious 
starch-storing at the tips of the branches, but in this case it 
should be remembered that two large buds are located ter- 
minally and two shoots must be provided for instead of one. 
igure 5 shows the quite constant condition of the skrub in 
vinter, and as this plant has been studied throughout the year 
it will be treated of elsewhere. 

The garden cherries have terminal clusters of buds as in the 
oak, only larger, but the amount of starch is small. The same 
is true of the wild cherries. However, a large amount of gum 
or mucilage is present, and this doubtless serves the same 
purpose as starch in the economy of the plant. 

















Plums have much more tapering twigs, and end in minute 
terminal buds, but with considerable starch located in a cone 
of lignified pith, as has been mentioned for the apple and pear. 
In the peach the terminal bud is large, but the starch is much 
less abundant than in the pear and apple; it is midway between 
the pear and the cherry in respect to its starch-bearing, and 
perhaps holds the same position as to the amount of mucilage 
or gum. 

There are many species of trees that do not usually present 
any starch inthe twigs of the last year’s growth, among which 
are the various kinds of willows and poplars, but the older 
wood of the main branches, as a rule, contains more or less of 
this food substance. Among shrubs the elder and currant and 
vooseberry have but a small amount of starch in the vicinity 
of the terminal buds. In short, there seems to be no evident 
rule to guide one in the matter. Starch may be in abundance 
In one species when least expected and almost absent from 
another. 

Other Carbohydrates.—An explanation of tne absence of 
starch in many twigs is not far.to seek. It may be due first to 
the substitution for it of oil, as in many seeds as well as buds 
and twigs. The pine family is a striking illustration of this, 
in the buds and branches of the members of which a pitch 
abounds, largely to the exclusion of starch. Sugars oi the 
various sorts in like manner may take the place of starch in 
furnishing the carbohydrates needed for the growth of plants. 
In the second place, starch may have been deposited, but 
afterward changed into those closely related chemical com- 
pounds that, being soluble in cell sap, are ready for transporta- 
tion and work. Karely does a mature bud not-respond to the 
frommer and Fehling tests, but those without starch in their 
vicinity indicate the largest amounts of the soluble starches, 
as they are sometimes called. In this connection it may be 
said that the wood of the common currant bush was thoroughly 
examined because of a failure to find starch in the young 
twigs. When the roots, however, were tested, it was found 
that they abounded in starch. Albuminoids and sugars were 
present in the ends of the twigs, while the storehouse of starch 


was below ground. 
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LATERAL BUDS. 


In general structure the lateral buds closely resemble the 
terminal ones, but are much smaller, and have a somewhat 
different attachment to the twig. The soft cone of small cells 
rests upon an abbreviated stem from which the outer scales 
arise. Where the bud is connected with the twig there is an 
interlacing ring of fibers and vessels, and within this is a cen- 
tral pith, which is modified as spoken of while treating of the 
terminal bud; that is, the cells are very thick-walled, having 
undergone the process known as lignification, a characteristic 
of the durable parts of most ligneous plants. As the lateral 
buds are often close to the twig upon one side there is a con- 
sequent lack of symmetry. The exposed surface naturaliy has 
a greater development of the protective layers, the bud-scales 
being both thicker and more numerous upon the outside than 
next to the stem. There is also more of the red coloring 
matter in the exposed parts. Over all parts there may bea 
coating of soft down consisting of colorless hairs which grow 
from the epidermal or outer layer of cells of the bud-scales and 
the body of the twig. As the twig matures this hairiness is 
quite casily removed, so that its presence or absence in mid- 
winter is largely accidental. 

Klower-Buds.—As a general thing, the conditions that sur- 
round a flower-bud are necessarily much the same as those of 
the leaf-bud. Both are incipient branches, and while one 1s 
destined to elongate into a twig, bearing ordinary foliage, the 
other remains comparatively short and produces disguised 
leaves for the purpose of reproduction. It 1s true, however, 
that while the leaf-bud soon becomes self-supporting, and in 
fact finally makes the starch for the next season's use, the fruit- 
| bud is a source of loss to the plant, and therefore needs to be 
provided with nourishing food-materials. On this account it 
is natural to expect that the fruit-buds should be specially 
favored in the location of starch and albuminoids. 

Klower-buds usually are not strictly terminal, that is, at 
the extremities of main twigs. However, there are excep- 
tions, and the treatment of flower-buds does not fully fall 


under either of the two groups of buds already considered. 
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Thus in the peach the flower-buds are not at the ends of the 
shoots, but instead are here and there along the ‘twig in the 
position of, and easily distinguished from, the lateral leaf-buds 
by their larger size, extreme hairiness, etc. Not infrequently 
there are three buds at a node and raised upon an abbreviated 
spur, but in such cases the central one is a leaf-bud, and the 
two lateral ones each contain a flower. The apple, in some- 
what the same manner, has lateral spurs, at the end of which 
is a bud containing three or more immature blossoms appa- 
rently terminating the branch, but in fact only overreaching 
a dwarfed leaf-bud situated somewhere among them. 

In the horse-chestnut is an illustration of the center of the 
large terminal bud being occupied by a flower-cluster which 
when unfolded is a foot or more in length, and bearing pos- 
sibly a hundred blossoms. This flower-cluster, at first  ter- 
minating the stem, soon takes a lateral position by the devel- 
opment of a leaf-bud that continues the twig. 

A large number of flower-buds have been examined dur- 
Ing the past winter, both to determine the disposition of the 
reserve substance and to make notes of the influences of the 
warm weather. «As far as the storage of starch, sugars and 
albuminoids is concerned, it can be briefly stated that there 
is no material difference between the fruit and the leaf buds, 
except that the latter are usually larger, lack the light green 
interior, characteristic of the young parts of leaf-buds, and con- 
tain within and near them a greater supply of the albuminoids, 
backed up by a lignified starch-bearing tissue. Not being 
strictly terminal, the fruit-buds are well located for the immedi- 
ate storage of starch in the wood and pith of adjoining parts. 

In the fruit-buds of the peach there is an interesting case 
of the special localization of starch that has not been found 
in those of apple, plum, cherry, quince, or in fact any other 
blossom-buds subject to examination. Without entering into 
a description of the peach blossom, it may be said that there 
is asingle pistil centrally located, about which the other parts 


5 

are disposed—the calyx as a cup bearing the stamens upon its 

inner surface. In figure 6 a peach-bud is seen in longitudinal 

section, with its upper part of fuzzy bud-scales removed, ex- 

posing in the center of all the pistil a, and next the stamens b. 
VOL. Ii-~-%, 
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All of the base of the bud ¢ is charged with albuminoids 
and carbohydrates that do not respond to the starch test. 
When the wood, d, of the twig is reached, it is found filled 
with starch, as indicated by the shading. Near the base of the 
pistil, or miniature peach, is. a triangle of starch-bearing 
tissue. Occasionally, starch is also found in the pistil and the 
stamen-filaments. These last need to undergo rapid growth 
at time of blossoming. Whether this starch was stored in 
these parts. far away from the great reservoir of this material, 
during the growing season, or has been laid down afterward, 
is a question that is not answered. It is, however, a well-known 
fact, that starch can be deposited, then dissolved, and _ re- 
deposited in another place repeatedly within a short time 
when such a change of the carbohvdrates ts of advantage to 
the plant. A study of the formation of the callus, and of the 
knitting tissues of grafts, is interesting in this respect. It is, 
however, true, that when the flowers develop the reservoir at 
the base of the peach pistil becomes emptied of starch, and 
the tissue, not being thick-walled like ordinary starch-bearing 


cells, is similar to that around it. 


TRANSVERSE AND LONGITUDINAL SEC- 
TIONS OF TWIGS. 


An ordinary twig of the last season’s growth consists of 
the following parts: (1) A central cylinder of pith which runs 
the whole length, ending at the tip in the terminal bud. This 
pith consists of many-sided cells, which are about as long 
as broad, and packed so closely together as to leave but 
few cavities, called intercellular spaces, between them. The 
cells nearest the center are usually largest, and the outermost 
smallest, and have the thickest walis. (2) Next outside of 
the pith isa ring or zone of wood, which is very thin at the 
upper end of the twig, but gradually becomes thicker as the 
basal end is approached. This wood consists of long ducts 
or vessels running longitudinally in the twig, and surrounded 
by slender, thick-walled flexible wood cells. The wood is the 
most substantial part of a twig, and makes up the greater 
part of any tree. In the wood ring of the twig are thin 
plates of pith-like cells, which reach from the pith toa thin 
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belt of cells, capable of growth, situated just outside the 
wood, and called the cambium layer. These plates of thin- 
walled cells, known as the medullary rays, are here especially 
mentioned, because they play an important part in the stor- 
age of the reserve food-substance formed by the plant during 
the growing season, and stored away to be employed during 
the initial growth in early spring. Besides the vessels, wood 
cells and medullary rays in the wood ring, there are also 
long, rectangular starch-bearing cells, in many respects not 
unlike the pith, extending lengthwise of the wood, and at right 
angles to the general direction of the medullary rays. These 
may be styled the wood-pith cells. (3) The cambium layer, 
above mentioned, is made up of small, thin-walled cells, and 
constitutes the soft layer at which the wood and bark may be 
separated, especially in spring. The radiating plates of pith 
cells which reach from the pith to the cambium layer, and 
above designated as the medullary rays, project beyond the 
cambium, and broaden out in the loose, cellular part of the 
bark that lies between the somewhat interrupted ring of bast 
andthe cambium. (4) This bast is the tough fibrous part of the 
bark, and consists of small bundles of thick-walled cells which 
run lengthwise of the twig, and are usually midway between 
the rind and the cambium. (5) Upon the exterior of all is 
a double layer of thick-walled cells. The outer may be styled 
the cuticle, and beneath this is a much thicker layer of firm 
tissue, with the contents of many of the cells colored green. 
The outer and thinner layer bears much of the coloring mat- 
ter which gives mature twigs their characteristic reddish, 
brown or other color. Between the rind and the ring of bast 
is a belt of loose, cellular tissue abounding in cavities between 
the cells known as intercellular spaces. This is the loosest 
tissue in the twig, and may be called the pith of the bark. 
It, however, differs from the true pith in the center of the 
stem in having the cell contents colored green. It 1s often 
and appropriately called the green bark, and is the part ex- 
posed when the thumb-nail removes the rind of a twig but 
does not pass deep enough to reach the wood layer. 


Therefore, to recapitulate, the twig in cross-section consists 


of the following parts, beginning at the outside: A double 
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rind or protective covering of thick-walled cells more or less 
impervious to water, and bearing the matter which gives the 
twice itscolor. Within this is a broad, loose belt of green cells 
and large intercellular spaces which reach to the tough fibrous 
band of bast. Succeeding the bast, passing inward, is an- 
other loose belt of cellular tissue narrower than the one out- 
side the bast into which the medullary rays project as they 
pass through the cambium layer. Next, within this cam- 
bium, is the wood with its medullary rays which reach to the 
central cylinder of pith. The outer portion of the pith, the 
medullary rays, and the pith wood-cells at right angles to the 
latter, are the three portions of the internodial part of atu 1o 
that are starch-bearing. The above description considers only 
sections that might be made through the twig at any point 
between the buds. At the nodes or points where lateral buds 
are developed there are certain modifications of the structure 
which have been considered. 

JUNCTURES.—At the point of union or junction of two 
years growth of a twig, as of that found during 1889 and that 
of 1890, there are but few structural features not included in 
the description of the twig already given. The point is easilv 
determined from the outside, for the scars of the several scales 
of the terminal bud of the previous vear remain to mark the 
place, which is somewhat larger in cross-section than the twig, 
an inch or so above and below it. It also is a starting-point 
from which the buds become more distant, proceeding either 
up or down the twig. If these points are not sufficient, the 
brighter, fresher red of the more recent growth will be quite 
sure to distinguish the place of union. With a cross-section 
of the twig under the microscope, the age in years is quickly 
determined. The first wood formed on a yearling twig in 
spring 1s more porous than that last produced the previous 
autumn. It is on this account that the wood of an old branch 
is arranged in evident rings, and if there has been no interrup- 


tion in the growth of the plant during any summer there will 
be a ring for each year, the thickness and porosity of which 


Micro- 


SCOpIC Inspection of the juncture does not reveal any very 


will vary with the season’s favorableness for growth. 


marked modification of structure. The cylinder of pith is 








































larger here, often twice the normal diameter of that just above 
or below ; its cells are smaller and thicker-walled and inclined 
to be elongated and arranged in longitudinal rows, as if to 
add rigidity to this portion of the twig during the early spring 
crowth, and give general stability at a point where elements 
of weakness naturally obtain from the union of the wood of 
two different years. Below the juncture the pith contains a 
cone or thimble, the outer cells of which are usually tinged 
with brown as if dead, and in shape and position it accords 
with the exterior of the lignified pith which has been men- 
tioned as beginning a short distance below the base of the 
terminal bud. With certain chemical reagents and coloring 
materials this thimble or cone of pith, surrounded by struc- 
turally almost identical tissue, behaves the same as that at the 
top of a well-matured twig, and easily met with by cutting 
down through the terminal bud lengthwise with a razor or 
sharp knife. It is evident, therefore, that as the terminal bud 
undergoes development in the spring, the soft thin-walled cells 
at its base become lignified, and while they are finally appa- 
rently the same in structure as the cells below them which 
were lignified the autumn before, the line of separation is not 
obliterated, but instead may be usually observed, without 
the aid of a magnifier, by making a longitudinal section 
through the juncture. 

The point that most interests us in this connection is the 
important part which the juncture plays in the storage of 
reserve material, and especially starch. Having become 
adapted for this service while situated in the vicinity of the 
terminal bud, the lignified pith cells continue for several years 
in the same capacity, and probably at no time become entirely 
free from these substances. Trees and all starch-bearing 
shrubs exhibit this fact, but some much better than others. 
l‘or example, the pear is shown in figure 7 as a type of the 
large class of trees. Figure 8 is of the honey locust, which is 
without a well-formed terminal bud, and,the branch is each 
year continued by a lateral bud. Twigs with opposite buds, 
which, of course, from what has been seen of the relation 
between buds and starch storage, have the amount of food- 


reserve doubled at any one transverse plane of the node, are 
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illustrated in the ash. figure g. In the lilac, as before men- 
tioned, there are practically two terminal buds, and this leads 
to another form of juncture shown in figure Io. 

Some extremely slow-growing horse-chestnuts and ailan- 
thus trees, found ina rocky situation near New Brunswick, 
N. J., present striking illustrations of the point in hand, be- 
cause what is usually found in a twig of several feet in length 
is condensed into as many inches. The ailanthus, figure 11, 
illustrates the method of killing back of the tip each year, 
and the renewal from a lateral bud. In fact, everything has 
sone so irregularly that the storage of starch at the junctures 
is far from uniform. In the -4:scu/us, figure 12 a, the case is 
very different, and the progress, although small, is quite unt- 
form. Looking at this twig from the outside, there is one 
almost continuous display of bud-scale scars, so that the age 
of the branch could be determined only with much difficulty. 
Qa the other hand, by splitting it through the middle, the 
empty, thin-walled, coloricss sections of pith are quickly seen 
as alternating with those of a brownish tinge. But the great- 
est difference is manifest when half of such a twig is laid for 
a few moments in a dish containing iodine, and afterward 
washed in alcohol. It is then that the blue sections of pith 
are seen to correspond to the basal part of each successive 
terminal bud, and the empty pith separates them. The 
starch-bearing cells in the /tscu/us are not as much lignihed 
as In most twigs, and for this reason, when they lose their 
normal amount of moisture by exposure, will shrink, leaving 
depressions in the pith channel at these points, while the 
empty, colorless pith between them retains its plump form 
indefinitely. An examination of a similar /¢scu/us stem, 
made July 3oth, showed that only a small fraction of the 
starch still remained, and with almost none in the bud itself. 
At b, in the same figure, the parts of a rapidly grown, long 
horse-chestnut twig are shown in contrast with the slowly 
developed branch at a. 


SPINES AS RESERVOIRS OF FOOD. 


A study of the winter contents of the thorns of honey 
locust, hawthorns, wild crab-apple and the Japan quince, etc., 

































leads to the conclusion that these sharp means of defense serve 
another purpose, perhaps only secondary, besides that of pro- 
tection. Upon examination for starch, it was found that 
there Was an unusually large per cent. in the thorns. A thorn 
of a honey locust, for example, when examined in midwinter 
is found to consist of a horny exterior, within which is a dry, 
somewhat powdery, snuff-brown mass, containing no starch. 
Near the base of the thorn at that place where it is sometimes 
flexible in its attachment to the stem, when growing, for ex- 
ample, upon the bole of the tree, the central pith is firm 
throughout, of a greenish color when freshly cut, and packed 
with starch. In figure 13, at a, is shown a longitudinal sec- 
tion, through such athorn. It is also seen by the same figure 
that the starch diminishes rapidly in amount, passing upward 
from the thorn, while below it remains of about equal amount 
until the lower of the series of buds below each spine ts 
passed. 

The position of thorns being near the bud favors the 
idea of their serving as places for the storage of starch, for 
when thus laid away for the winter it is close at hand for 
use when the growing days of spring arrive. The relative 
amount at the base of the spine, and below at the point bear- 
ing the buds, is shown in the cross-section b, and not only ts 
there more within the stem at the juncture of the spine, but 
the base of the latter is more thoroughly gorged than any 
other part of the tree. At c is a section shown midway of 
the internode. 

[In the hawthorns the structure of the base of the thorn ts 
somewhat different. Omitting the discussion of the minute 
structure of the spine it will be sufficient to call attention 
here to figure 14, in which the starch, the darkened portion, is 
seen to occupy the pith of the twig, making a V-shaped 
structure at the base of the spine. In addition to this, there 
is a somewhat triangular starch-bearing portion above and 
below the pith of the base of the spine. In some specimens 
the starch extends for nearly a half-inch into the spine, but 
as a slender point. 

In the wild crab (Pyrus coronaria, L..), the spine 1s more like 
an ordinary branch, because usually bearing buds upon its 
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exterior, and has the starch-bearing pith extending for a half 
of the way, from the base to the sharp, hard tip. In the 
main twig there is a manifest accumulation of starch at the 
base of the spine, as is shown in figure 15. Figure 16 shows 
a fruit-spur, the center of which is filled with starch for the 
purpose of providing abundant nourishment for the develop- 
ment of the cluster of flowers. 

Many other examples might be cited, but that of the 
Japan quince (Cydonia Japonica, Pers.) will suffice. The spines 
of this favorite hedge plant were examined in February, while 
some of the blossoms had already expanded, due to the very 
warm winter of ‘Sg-'90. The position and relative size of the 
parts are shown in figuret7. It will be seenthat the flower-stem 
is short, and the spine joins it at the base. In figure 18 the 
condition of the starch storage becomes Clear. There is no 
starch in the flower-spur, but an abundance 1n the interior of 
the spine, to be withdrawn to feed the flower and the leaves 
that afterward come upon the stem. 

It is very likely that the spines are primarily for the 
warding off of enemies, but if we can look upon the protective 
organs as serving another purpose it adds further dignity to 


the police department, so to speak, of the plant. 


METHODS AND REAGENTS. 


STARCH.—Tl or the detection of starch, as before stated, the 
solution used was iodine made as follows: three Crammes Ol 
crystallized potassium iodide were dissolved in sixty c. c. of 
distilled water, to which was added afterward one cramme of 
metallic iodine. This solution was diluted as the occasion 
required. The microscopic inspection for starch was with 
thin sections either treated at once with the iodine solution 
or after thev had received potassic hydrate to remove the 
protein compounds that might otherwise obscure the reaction. 
When the presence of starch was established its abundance 
and genera] distribution was determined by splitting the bud 
or twig, or both, and immersing the parts for a few minutes 
in a long porcelain trough, when the degree of darkening of 


the various parts of the section gave the amount of starch 
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present. By removing the twig to a bath of alcohol for a 
minute the subject was cleared up, and the location of the 
starch-bearing portions could be made out more distinctly. 
If desired, thin sections could be taken from the treated sur- 
face for microscopic study. 

SUGARS.— The sugars of various sorts are usually associated 
with each other, and only the presence or absence of the group 
was usually attempted. Trommer'’s test is a simple and satis- 
factory one: Place the slices or sections in a porcelain dish, 
add a strong solution of cupric sulphate and heat to boiling. 
Wash the specimens thoroughly, and add hot potassic hydrate, 
when the presence of dextrine and grape-sugar will be shown 
by a reddish precipitate. To separate these two sugars, treat 
the criginal tissue to alcohol, standard strength, for a few 
hours, which will dissolve away the grape-sugar, when the 
dextrine can be tested for as before. Cane-sugar, with Trom- 
mer's, gives a bright blue color in the cell contents, quickly 
vanishing, but no red precipitate. It is well for the student to 
make tests with this reagent of vegetable tissues containing 
large quantities of each one of the leading kinds of sugars. 
Fehling’s solution, which isa modification of the above, may 
be employed. In place of the pure cupric sulphate solution, 
one of one part of the cupric sulphate and five parts of potas- 
sium sodium tartrate in eight parts of water may be _ used. 
This reagent needs to be kept in the dark. 

ALBUMINOIDS.—For these Millon’s reagent was employed. 
This is prepared by adding to metallic mercury an equal 
weight of concentrated nitric acid. When all is dissolved add 
twice the volume of pure water. Place the tissue in a porce- 
lain dish, add a little of the reagent and heat, when a rose or 
brick-red precipitate indicates the presence of albuminoids. A 
dark vellow, with nitric acid, and a yellow or brown with 
iodine also indicate the same substances. 

CRYSTALS.—There are two leading salts in the form of 
crystals in plants, the carbonate of lime and the oxalate. 
The crystals having been detected with the microscope, acetic 
acid may be added, which will dissolve the carbonate with 
effervescence, but does not act upon the oxalate. 
TANNIN.—The various iron salts give with tannin a very 
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dark color, therefore ferric chloride may be employed for its 
detection. 

LIGNIN. —Carbolic acid dissolved in concentrated hydro- 
chloric acid gives a green color with lignin, and hydrochloric 
acid and alcohol develop a beautiful rose color after some 
nours. 

The works most frequently consulted for methods in the 
studies contained in this paper have been *“ Behren’s Guide to 
the Microscope in Botany,” by Hervey, and ‘ Goodale’s 
Physiological Botany.” Upon the general subject much 
assistance can be obtained from ‘‘Sach’s Vegetable Phy- 
siology,”’ “ Vine’s Physiology of Plants,’ and ‘ Strasburger's 
Das Botanische Practicum.” The most elaborate paper con- 
sulted is a *‘ Memoire sur la Moelle des Plantes Ligneuses,”’ 
with numerous elegant plates, by A. Gris, in “ Nouvelle 
Archives du Museum d'Histoire Naturelle, 1870.” 


RUTGERS COLLEGE, 
July 21st, 1890. 
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NOTES ON THE SPRING FLORA OF SOUTH- 
WESTERN VIRGINIA. 


By ANNA MURRAY VAIL. 


Plates III and IV. 


A long, dusty ride in the latter part of May, from Wash- 
ington to Roanoke, was the beginning of our trip to Virginia. 
The country was interesting all the way, but the fleeting 
glimpses we had of strange plants and trees were, from a 
botanical point of view, more of an aggravation than a pleas- 
ure. During a short stop at Culpeper, Crefzs pulchra * was 
gathered close to the tracks—a novelty in the line of in- 
troduced plants. 

Roanoke, one of the most rapidly growing industrial towns 
in Virginia, is situated in a hollow closely surrounded by 
wooded foot-hills, and beyond them by the higher forest- 
clad ranges of the Blue Ridge, prominent among which are 
the twin sugar-loaf-shaped Peaks of Otter. 

A short walk late in the afternoon of our arrival brought 
| us to the high, rocky banks of the Roanoke River, where the 





* Crepis pulchra, L. Sp. Pl., 806. Another European Composite to be added 
to our long list of introduced plants. It was observed in large quantities along 
the railroad, and has been determined by Dr. Porter. The specimens exactly 





match those from continental Europe.—N. L. B. 
VoL. Il.—s. 
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first plant collected was a Clematis, which, being erroneously 
described in the various Floras as Clematis ovata, Pursh, is now 
named by Dr. Britton, in honor of the President of the Torrey 
Botanical Club—Clematis Addisoni.* (Plate ITI.) 
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* CLEMATIS ADDISONII. (C. ovata, Torr. & Gray, Fl. N. A. i. (1838), not 
Pursh, Fl. Amer. Sept. ii., Suppl. 736 (1814). 

Ascending or erect, 1°-3° long. simple or bushy-branched, tufted, gla- 
brous throughout, glaucous. Branches slender and often trailing. Lower 
leaves simple, entire or rarely 2-4 lobed, obtuse, deep bluish. green above, 
conspicuously glaucous beneath, sessile, clasping, 2’-4° long; upper leaves 
pinnate and tendril- bearing, of 2 or 4 ovate. sessile leaflets, or in small plants 
simple and similar to the lower ; flowers solitary, terminal and sometimes also 
axillary, reddish or bluish-purple, nodding, ovate, 9’’-15'’ long, 5’’-7’ broad 
at the base, narrowed toward the summit; sepals thick and leathery, lance- 
olate, acute, their tips recurved; stamens numerous, about equaling the 
sepals, glabrous below, pubescent above; achenia flat, nearly orbicular, 
blunt-margined, finely silky-pubescent ; persistent styles 1’-114" long, 
plumose throughout, the plumes brown ; achenia 6-20 in each head. 

This plant has had a peculiar and very interesting history, It appears to 
have been first collected many years ago by Le Conte in the mountains of 
North Carolina, and specimens of this collection are preserved both at Phila- 
delphia and New York. It was also found by Baldwin in Georgia or Florida. 
The first allusion to it in print that Ihave come upon is in Torrey and Gray’s 
Flora, where Pursh’s name ovata was erroneously taken up for it, as it has 
also been by all subsequent authors who have had occasion to refer to it. Dr. 
Gray was the first to make this out, by an examination of Pursh’s type in the 
Sherardian Herbarium preserved at Oxford, and in writing of the group of 
American species of Clematis with pinnate leaves in Bot. Mag., tab. 6594, he 
says, in describing C. reticu/ata, a coriaceous-leaved southern plant: ‘‘C. ova/a, 
Pursh, of which the original specimens in Herb. Oxon. have leaves almost as 
reticulated as this when old, appears to be C. ochro/euca, Ait.’’? In order to 
make sure of this, as from Dr. Gray’s expression ‘‘ appears to be’’ I suspected 
that he was not altogether certain about it, I sent abundant specimens of both 
the Roanoke plant and of C. ochroleuca, Ait., collected on Staten Island, to 
Professor Sidney H. Vines, the distinguished director of the Oxford Botanic 
Garden and Museum. He very kindly compared them with the Clematis of 
the Sherardian Herbarium, and reports to me as follows : 

‘It is a single branch, bearing four leaves and a single flower in fruit. It 
is numbered 1140, and bears the following label: ‘No. 1140 Clematis virgin- 
iana, Pannonica similis, foliis amplioribus subrotundis. Pluk. Mant., Tab. 
397, f. 4. Negroe’s Head. Mr. Dale’sspecimen has larger and rounder leaves. 
Dr. Pluk. figure represents this, but y¢ leaves are trifida or tridentata.’ 


, 


‘*On this label is penciled, +C. ovata, Pursh Suppl.,’ without indications of 
writer. Also in another hand, ‘C. venosa, Ph. am. fl.’ 

‘* The specimen has no sepals which, according to Kuntze’s recent mono- 
graph, are of classificatory importance. The form of the leaf does not exactly 


agree with that of any of the specimens you send. The leaves on our speci- 
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Of about 45 species collected that afternoon, the most 
notable were the little white-flowered Sedum Nevid growing 
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men are ovate-acuminate, coriaceous in texture, glabrous above, slightly 
hairy beneath and strongly reticulated on both surfaces. On the whole it 
more nearly approaches your specimens of C. ochroleuca, Ait., than it does 
those which you send as C. ovata, and we should be consequently inclined to 
refer it to C. ochroleuca, Ait. It certainly is not your C. ovata. In this con- 
clusion we agree with Dr. Gray’s note in the Bot. Mag. to which you refer. 

‘‘There is another specimen of C/ematis—1139—in the Sherardian col- 
lection, which is labelled as follows : 

‘¢*Clematis erecta, humilis non ramosa, foliis subrotundis flore unico ochro- 
leuco. Banist. Cat. Pluk. Mant. 51, T. 379, 65.’ 

‘‘On this label is written in pencil, ‘C. ochroleuca,’ and there is no doubt 
that the determination is correct.’’ 

It will be seen that this examination settles conclusively that our plant is not 
C. ovata, Pursh, and therefore must receive another name. The question next 
arises, What is C. ovata, Pursh? There seems still to be question as to its 
equivalency with C. echroleuca, from which Pursh distinguished it, for he re- 
published C. ochroleuca, Ait., as C. sericea. It was collected on Negroe’s Head, 
which is a mountain of the southern Blue Ridge, while C. ochro/euca is, to my 
knowledge, not a mountain species at all, but grows in sandy or gravelly soil 
from southern New York to North Carolina. On the western side of Staten 
Island it occurs in almost pure sand on a dune. 

In August of the present year I collected a numberof specimens of a Clematis 
in fruit, high up on Kate’s Mountain, at White Sulphur Springs, W. Va., which 
I supposed was C. ochroleuca, although quite surprised to find it in such a 
place. The soil was rocky and the plants smaller than those of C. echroleuca 
generally are. On examining this critically, I find that it differs from the low- 
land plant in being almost glabrous, the lower-leaf surfaces and twigs of C. 
ochroleuca retaining their somewhat dense pubesence to the last. But the most 
striking difference is in the color of the plumose styles ; they are grayish 
white, while those of C. ochroleuca are always brown; besides this, they are 
proportionately shorter. Judge Brown had previously called my attention to 
the great difference in color of the plumes in various species of Clematis, and 
it certainly seems to be a valuablecharacter. After receiving the information 
above quoted from Professor Vines, I sent off specimens of this plant to 
Oxford, and have the following note from that gentleman, to whom I would 
express my sincere gratitude for the considerable trouble he has taken in the 
matter: ‘In reply to yours of November 10, referring to the C/ematis question, 
I hasten to inform you that Mr. Druce and I have carefully compared the 
specimens of C/ematis collected by you at White Sulphur Springs, West 
Virginia, with our specimen of C. ovata, Pursh. We have come to the con- 


clusion that the two plants are identical. The texture and venation of the 
leaves and the fruit are remarkably similar in the two, but in our specimen 


] 


the leaves are slightly more acuminate than in yours.’ 
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on the rocks, and a new variety of Pentstemon levigatus *— 
the latter a handsome plant with white or light purplish 
flowers. We also found it later pn the Peaks of Otter and at 





Clematis ovata, Pursh, is, then, apparently a good species, evidently rare, 
and not yet collected in flower, so far as I can ascertain. 

All authors have been mistaken in describing C. Addisonii as strictly erect. 
To be sure, nothing but the tops of small plants had previously been col- 
lected, and from the solitary flower and simple leaves this was the most natural 
conclusion. Some of the smaller plants are obliquely erect, but the 
relationship is with C. Viorna rather than with C. ochroleuca. C. Viorna was, 
indeed, collected and observed in considerable quantities on the same 
bluff, and readily distinguished by its long, trailing stems, sometimes attain- 
ing 10 feet or more, its smaller, always pinnate lower leaves, and acute leaflets 
green on both sides. It comes into bloom at least two weeks later than C. 
Addisonii. Several plants of an evident hybrid between them were also col- 
lected, having characters exactly intermediate, which may be called CLEMATIS 
VIORNIOIDES. 

It is worth while recording that Pursh says in his description of C. ovata, 
that he considers the reference written in the Sherardian Herbarium to Pluke- 
net’s figure as not applicable to his C. ovata, because that figure represents a 
plant with tridentate leaves, and that he regards it as ‘‘an imperfect specimen 
of Clematis with compound leaves.’’ However this may be, C. ochroleuca 
occasionally occurs with toothed leaves, and we may expect this in any one of 
the normally entire-leaved species. 

This William Sherard, pupil of Tournefort, whose herbarium has been so 
important in working out the matter, was born in 1659 and died in 1728. He 
founded the Chair of Botany at Oxford, and attached to it his betanical library 
and herbarium of 12,000 species. 

O. Kuntze, in Verhand. Bot. Ver. Brandenburg, xxvi., 176, 177, refers C. 
ochroleuca, C. ovata and also C. Fremontii, S. Wats., to varieties of the European 
C. integrifolia, making six subvarieties of C. ochroleuca. I believe that this is 
as unphilosophical a treatment of the group as could well be devised. He 
has also a subvar. sudg/aéra ot ovata, said to have been collected at Eagle 
Pass, on the Mexican Boundary Survey, and preserved in the Berlin Her- 
barium. I suspect a mistaken label as the cause of this publication, for there 
is no record in the Botany of the Mexican Boundary of any Clematis from Eagle 
Pass, and it is unlikely that any member of this group occurs in that part of 
the country. Mr. Joseph F. James, in his ‘* Revision of the Clematis of the 
United States’’ (Journ. Cincin. Soc. Nat. Hist., vi.), records having seen the 
specimen marked C. ova¢a in the Philadelphia Herbarium, and says, ‘it is in 
appearance simply a small ochro/euca,’’ but he could not have examined it 
very closely.—N. L. B. 


* PENTSTEMON LAEVIGATUS, Sol. var. CANESCENS, n. var. More or less 
finely canescent all over, sometimes densely so, simple, 1°-2° high. Upper 
leaves sessile and clasping, ovate or ovate-lanceolate, 2°-3° long, acute, 
dentate, those of the middle and lower part of the stem narrowed below the 
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Luray, and in every case growing with Euphorbia corollata. 
Oxalis recurva was in bloom all through the woods, and we 
found Heuchera pubescens and the pods of Corydalis mi- 
crantha on the rocks, and collected some splendid specimens 
of the high-climbing Selax Pseudo-C hina. 

In aswampy meadow we found Veronica Anagallis* grow- 
ing with Vasturtium officinale, and all over the dry fields were 
patches of the pretty, purple Veréena angustifolia and Del- 
phintum Consolida, the latter plant in three colors, dark 
blue, pink and white. 

In a ditch onthe edge of the town Ranunculus sceleratus t 
grew abundantly. 

Early the next morning we left for Eggleston's in the 
beautiful New River Valley, and from there drove to Moun- 
tain Lake. 








middle, so as to be somewhat fiddle-shaped, the lowest and those of the base 
contracted into long, margined petioles ; flowers purplish or nearly white, the 
corolla wide open, not bearded in the throat or very slightly so, 10’’-12"’ 
long ; sterile, filament slightly bearded for about one-third of its length ; pod 
ovoid, glabrous, slightly exceeding the calyx. 

A plant of very different appearance from P. levigatus or P. Digitalis, 
marked especially by its canescent, fiddle-shaped lower leaves. We have it 
also from Asheville, N. C., collected by Mr. Hogg in 1886, who also found 
what I suppose to be P. /evigatus there, and called my attention to the differ. 
ence between them.—N. L. B. 


* Veronica Anagallis. Our specimens are of the typical plant exactly 
matching European. The species has not hitherto been reported from so far 
south. The var. /att/olia, Britt. (BULLETIN, XII., 49), is very different from 
this in habit and aspect, and is now known from numerous localities in New 
Jersey and eastern Pennsylvania, where the type has not yet been discovered, 
although occurring in central Pennsylvania and further west.—N. L. B. 


¢ Ranunculus sceleratus, L. Very abundant in a roadside ditch, and 
evidently introduced. There are two forms of this species, if indeed they do 
not represent something more than forms. The truly native North American 
plant, so abundant along the edges of salt marshes and in saline situations in 
the interior, has thick, oblong heads of akenes, seldom more than two or three 
times as broad as long, and occurs also in northeastern Asia. The plants 
from Roaroke and some European specimens have narrow, linear heads, 
often four or five times as long as broad, and there appears to be a slight 
difference in the form of the akenes, while the plants with the broader heads 
have larger flowers. I have not enough material at present to indicate if they 
are specifically or variatally distinct.—N. L. B. 
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The guide-books advertise the drive as eight miles; our 
driver told us it was ten, adding that we might think it 
fifteen before we reached the hotel. The first part of the 
road was uninteresting, very hot and dusty and of the 
roughest description. Early during the drive we found Vzola 
striata growing along the edge of a stony brook, a few 
specimens of Phacelia parviflora in a fence corner, and 
Polygala Senega on the border of the woods as we began 
the long ascent. In a small damp wood Podophyllum 
peltatum was in flower and Caulophyllum thalictrotdes in 
fruit, and near by we saw the bright, crimson stars of Sz/ene 
Virginica. 

As we drove along a narrow ravine higher up, we caught 
our first glimpse of Rhododendron calendulaceum, yellow, 
scarlet and crimson; its brilliancy and great variation of 
color were astonishing, and a constant delight to us all the 
while we were on the mountain. 

The dainty flowers of Vaccinium stamineum were larger 
and whiter the higher we drove. Vaccinium erythrocarpon 
and Menztesia globularis were scattered along the roadside, 
and deep down among the dead leaves we found a few 
late blossoms of Efig@a repens, apparently as much at 
home there as it is many miles nearer New York. Among 
many groups of fine trees we noticed especially 7zla heter- 
ophylla, Magnolia acuminata and 4sculus lutea growing 
together, the latter in full bloom, with swarms of bees flying 
around its great panicles of creamy flowers. 

Along the road, near the top of the mountain, Gz/lenta 
trifoliata and Cypripedium acaule were plentiful, and Cypri- 
pedium parviflorum was in its prime and very fragrant. The 
crowning excitement of the day was the finding of the 
beautiful Convallaria majalis and Anemone trifolia* growing 





* Anemone trifolia, L. Sp. Pl. (A. memorosa, var., A. Gray, Amer. Nat., vii., 
422.) An investigation of this interesting plant was the principal cause for the 
expedition. Mr. Canby had collected it on Salt Pond Mountain several years 
ago, and it had also been found by Mr. Curtiss on the Peaks of Otter. An 
authentic specimen from Germany is preserved in our herbarium, and I had 
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in close companionship among the stones. Our trip to Salt 
Pond Mountain was largely for the purpose of finding 
Anemone trifolta, and to see it so soon, and in such great 
quantities, was a pleasure, mingled with surprise that it 
should have been so long overlooked. (Plate IV.) 

The hotel, a large and comfortable old-fashioned house, 
was reached at seven. It is 4,000 feet above sea-level, on 
the edge of a pretty little lake, surrounded on all sides by 
high forest-covered ridges. On the borders of the lake 
were dense thickets of Rhododendron maximum and Kalmia 
latifolia, to see which, when in flower, must alone be worth 
the journey to Virginia. Three delightful days were spent 
on the mountain exploring the woods in all directions. 





compared it with one of Mr. Canby’s. Both he and I had concluded that 
it was distinct from A. memorosa. It occurs very abundantly in dry or rocky 
situations on all the higher parts of Salt Pond Mountain except the extreme, 
unwooded summit, growing often from between rocks, and varying from 6’ to 
18’ or even more in height. It is thus very different in habit and habitat 
from the widely distributed plant of low altitudes, which has been by nearly all 
recent authors referred to A. memorosa, L., of the Old World, but which I have 
maintained is specifically distinct, as did Linnzeus and Barton. (See BULLE- 
TIN, xvii.. 123.) Up to the present time I have been unable to learn of the 
occurrence of true A. memorosa in North America. A. ¢rifolia is readily distin- 
guished from either by its greater size, different habitat, isolated geographical 
distribution at high altitudes, its proportionately broader and thicker leaflets, 
larger flower, more numerous akenes, and the majority of its root-leaves 
being only 3-divided, while those of A. guinguefolia are almost always 5-di- 
vided. Some plants of A. ¢rifolia were found with the root-leaves 4, 5 and 
even 6-divided, however. A. guinguefolia also blooms much earlier. It is 
interesting to note the occurrence here of Convadlaria majalis, also a Euro- 
pean plant, and in America equally restricted in range to the higher 
southern mountains. <A. guinguefolia was found plentifully along brooks 
and in moist places lower down on the mountain, but I found that I could 
always distinguish the two species. That they are, however, very closely 
allied there can be no question, but they are as distinct as many other 
Ranunculaceous plants commonly regarded as different species. 

About half-way down the Peaks of Otter, along the road to Buchanan, we 
found a large patch of the plant, still stouter and with larger and broader 
leaflets than any noticed on the other mountain. At this lower altitude 
vegetation was much further advanced, and the fruit had entirely fallen 
from the plants collected at this locality. Careful search revealed no 4. 
qguingucfolia in the vicinity.—N. L. B. 
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The first excursion was to the summit of Bald Knob, 
about 500 feet above the hotel. On the north side of the 
rocks up there, Saxtfraga leucanthemifolia grew abundantly 
with Heuchera villosa and tiny plants of Asplentum montanum, 
and the sunny slope was carpeted with Viola pedata and its 
beautiful pansy-like forma dzcolor. Both Clintonias and the 
slender white Chamelirium luteum were at home just below 
the summit, and //eaz montana* grew in close proximity to 
Ribes rotundifolia. 

We explored the lake and its borders, but with the excep- 
tion of a few plants of Parnassia asartfolia growing on old 
logs, and a few mosses in the water, of vegetable life there 
was none, nor much of animal lifeeither, forthe matter of that. 
According to the agent in charge of the property, the lake 
has frequently been stocked with fish, the outlet properly 
wired and protected, but from the day they were put in the 
water to the present time, never a fish, living or dead, has 
been seen, which is mysterious, to say the least. 

In and around Little Stony Creek, the outlet of Mountain 
Lake, we saw quantities of 7rautvetteria Caroliniensis grow- 
ing with Veratrum viride, and close by on the edge of the 
marsh were the dainty white flowers of Oxalis Acetosella and 
Ttiarella cordifolia. 

We collected some old fruit vessels of Epiphegus Virginiana, 
and Conopholis Americana was seen in three localities on the 
mountain, and also in fruit later at Eggleston's. On the edge 











* lex montana, Torr. & Gray, in A. Gray, Man., Ed. 1, 276 (1848), is the 
name which should be applied to the shrub which in all recent writings is 
called /. monticola, Gray (Man., Ed. 2, 264, 1856). Dr. Gray changed the name 
in the second edition of the manual, after ascertaining that there was already 
published a Prinos montana, Swartz F\. Ind. Occ. i., 622 (1797). It was in the 
second edition, and notthe fifth, as is erroneously quoted by Dr. Watson in his 
Bibliographical Index, and by Professor Trelease, Proc. St. Louis Acad., v., 
347, that Dr. Gray first proposed to merge Prinos in //ex. But Prinos montana 
is not //ex montana, which binomial was subsequently taken up by Grisebach 
(Flor. Brit. West Ind., 147 [1864]), for Swartz’ plant. This is the species which 
must receive another name, and several seem to have been associated with 
it.—N. L. B. 
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of the Hemlock woods was found the gloomy-looking, ill- 
scented 7rzllium erectum and the high-climbing curious 
Aristolochia Sipho. 

The hillside above the creek was a bewildering mass of 
bright flowers. A great patch of the brilliant Castzlleza 
coccinea grew in the hottest, dryest slope among the bushes. 
Rhododendron calendulaceum was abundant, taller, and. if 
possible, even more startling in color than any seen before, 
and near by grew the rose-colored, fragrant Rhododendron 
canescens,* a striking contrast to its more brilliant neighbor. 

Trillium grandifiorum was conspicuous for its large showy 
white or pink petals. 77c/lium erythrocarpon was past its 
prime, but we were fortunate enough to find a few plants that 
still showed their delicately veined flowers. Dzsporum lanugt- 
nosum was in fruit, and (/vularia puberula common on the 
hillside. 

Violets were plentiful everywhere. Two yellow ones, 
Viola pubescens and Viola hastata, were still flowering, and 
in shady nooks the large, shiny leaves of Vola rotundifolia 
were conspicuous, but of the latter we had to content our- 
selves with fine fruiting specimens only. <A big bed of Vola 
Canadensis, a foot tall and very fragrant, grew around a tiny 
spring on the edge of the path, and the meadow in front of 
the house was covered with the more common species. 

Growing in a little brook near the head of that same 
meadow were the tall plants of Sazxitfraga micranthtfolta, 
and all through the woods Zizta Bebbiz + was plentiful. 


——— — ee —— 


* Rhododendron canescens (Michx.), Porter (BULLETIN, xvi.. 220). Holding 
its characters very well, the flowers with the delicious fragrance of those 
observed on the Pocono Plateau of Pennsylvania, and evidently a mountain 
plant. No 2. nudiforum was observed during the trip, and this is as evidently 
a low-ground species. I have collected &. canescens during the past season 
about High Point in the Shawangunk Mountains, both in northwestern New 
Jersey and southern New York.—N. L. B. 

+ ZIZIA BEBBII (Coult. & Rose). (2. aurea. var. Aebbti. Couit. & Rose. 
Bot. Gaz., xii., 138.) This plant is very abundant all over Salt Pond 
Mountain, apparently to the exclusion of Z. aurea. The long rays of its 
umbels and small, rather narrow leaves appeared to be perfectly constant. 
and mark it as a distinct species.—N. L. B. 

VoL. Il.—6. 
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Along the top of one of the ridges we collected the flowers 
of Hficorza alba and Hicoria minima, and saw some splendid 
shrubs of Crategus coccinea in full bloom. In the woods 
below the ridge Cypripedium pubescens and Pogonta verti- 
cillata were collected, but the latter was scarce. 

Early on the 3d of June we drove to the Cascades of 
Little Stony Creek, five miles away, along a beautiful wood 
road, where the flora was practically the same as around 
Mountain Lake, and our destination was reached without 
any more exciting incidents than occasionally having to 
alight and join in clearing the road of fallen trees and 
decayed logs. The last mile was on foot over a rough trail, 
through the deep woods along the foaming water. On a 
tall cliff we found some unusually large fronds of Asplenzum 
montanum, and on the edge of the Hemlock woods _ both 
Asarum Canadense and Asarum Virginicum. We \unched 
on a big rock in the centre of the stream below the very 
pretty falls, collected some ferns and Cornus alternifolia, 
returned to the wagons and drove down over a fearfully 
rough road to Eggleston’s, which we reached late in the 
afternoon, much the worse for wear. The most important 
plants found on the return trip were Phlox ovata and three 
Scutellarias, S. saxatilis, S. serrata and S. nervosa. 

The hotel at Eggleston’s, a dreary rambling old Colonial 
structure, is the remains of what once must have been a fine 
Virginia mansion with farm-buildings and negro-quarters 
attached, all in a sadly dilapidated condition. 

It was too late to do any botanizing that day, and we had 
to content ourselves with a hasty scramble over the rocks on 
the opposite side of the river, where we found Drada ramosis- 
sima, Anemone acuta, the fruit of Heuchera villosa, and on 
the river-bank we collected ASarbarea vulgaris, var. arcuata 
and Oxalts stricta.” 


* Oxalis stricta, L. (O. corniculata, var. stricta, Savi). In my view this 1s 
better regarded asea species than as a variety of the tropical O. cornicu/ata, 
which is only known in the United States from the Gulf region, the lower Mis- 
sissippi Valley and the southwest, while O. stricta extends northward far into 
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We were rather dismayed the next morning by the thick, 
white fog on the river. It cleared off by breakfast-time, but 
left everything drenched and the air close and hot, and hot 
was a mild word to apply to our climb to the top of the tall, 
picturesque cliffs that rise out of the river half a mile below 
the house. From the top we had a splendid view of the 
swift, opaque, red river stretching away to the right in endless 
rapids, the opposite banks clothed in the delicate spring 
foliage, the blue hills beyond, and over all the white, dancing 
heat of an almost tropical day. The objective point of the 
climb was the rare Pachystima Cand6yt, which grows in a few 
spare patches on the topmost ledges. We were able to find 
a few of its tiny flowers, but saw no sign of any fruit. 

Rhus aromatica and Berberts Canadensis grow on the 
edge of the dizzy height, and so do any number of ferns, the 
most notable of which were Pe//@a atropurpurea, Asplenium 
parvulum and Camptosorus rhizophyllus. 

Clematis Viorna was in full bloom, and so was also the 
pretty, delicate Arenaria stricta.* 

After a dinner which was in every way in accord with our 
surroundings, we left for the station on the opposite bank of 





Canada, being most abundant, indeed, in temperate regions, and not plenty in 
the regions where O. cornicudata is most abundant. It is only depauperate 
plants of O. stricta that can be confused with O. cornicu/ata. In Germany, 
where QO. sfricta is introduced as a weed, it is regarded as distinct from the 
other species. (Reichenb. Icon. Fl. Germ. & Helv., Fig. 4895; Koch, Syn. 
Flor. Germ. & Helv., Ed. 2, 157.)—N. L. B. 


* Arcnaria stricta, Michx. F|. Bor. Amer. i., 274 (1803), not S. Wats. 
Alsine Michauxit, Fenzl. Ann. Mus. Wien. i., 18 (1836). 
Arenaria Michauxti, Hook. f. Arctic Pl., 287 (1860). 

Arenaria stricta, 5. Wats., Bibliog. Index, Polypet. 98 (1878), is based on 
Spergula stricta, Sw. Act. Holm., xx., 229 (1799), which is also A/stne stricta, 
Wahl. Fl. Lap., 127 (1812), and the oldest name available for it appears to be 
Arenaria uliginosa, Schleich. Dr. Watson’s binomial of 1878 can in no way 
displace Michaux’ of 1803. To be sure, Swartz’ specific name s/r7cfa, applied 
to the arctic plant under Sfergu/a, has priority over Michaux’ stricta applied 
to the species now under consideration as Avenaria. This is an instance 
where Dr. Watson maintained an original specific name under what appears 
to me an erroneous principle.—N. L. B. 
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the river, and there were greeted with the information that 
our train was three anda half hours late. Three hours and 
a half is a mere trifle of detention in that region, so we foraged 
for supper in the neighboring cabins and provision stores, 
and the most self-sacrificing member of the party walked 
half a mile along the railroad track to the only spring in the 
place, and brought back drinking-water in a tin botany box. 
When the train arrived, we had a delightfuily cool ride to 
Radford, where we spent the night in the new and pretty 


Queen Anne inn 


The next day, June 5th, we returned to Roanoke, and 
drove up and down both sides of the river in search of more 
Clematis Addisoni. \Ve procured a big bundle of roots and 
alot of fine herbarium specimens in addition to those pre- 
viously collected, and among other plants not seen on our 
first visit we found Gonolobus Carolinensis, and two Ruellias— 
Ruellia strepens and Ruellia ciliosa, var. ambigua. Dianthera 
Americana was also in flower in the mud on the edge of the 
water, and on the cliffs we collected the rare Chezlanthes 
vestita. 

In the evening we left for Natural Bridge, and then came 
a long drive on the top of the tally-ho to the hotel. We flew 
along through deliciously fragrant pine woods, lit up by 
myriads of gay, little fireflies, with here and there glimpses 
of the James River shining out of the darkness of the valley 
below. It had rained heavily during the day, and ditches 
and brooks were brimming full, and the stars and fireflies 
were reflected in them, in the most bewildering way. 

The next day was so hot and close that a lengthened stay 
at Natural Bridge was abandoned. We spent the morning 
attending to our plants (which by that time was no light 
task) and walked to the wonderful Bridge and the great 
Arbor Vite in Cedar Creek ravine. The park there is a 
preserve, so we could do no collecting, though beyond some 
unusually large specimens of Camptosorus rhizophyllus we 
did not see much that we coveted. 

We retraced our steps at noon to Buchanan on the James 
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River, and from there started on our long drive over the 
mountain to the Peaks of Otter. 

Castanea pumila was in bloom along the base of the 
mountains. So was Sfirea Aruncus higher up, the latter a 
most beautiful and ornamental plant. C:nothera glauca and 
Coreopsis verticillata grew together under some sturdy P7zus 
Virgeniana, and an interesting find was /Hferacium Marianum, 
var. spathulatum,* hitherto only reported from Two-top 
Mountain, Penn. 

Galium latifolium was in bloom along the road, the 
upper woods were filled with the pretty, slender Galax 
aphylla, and all about us were dense forests of splendid 
trees. A bewildering succession of fine Oaks and Chestnuts, 
with here and there a dark stately Hemlock, an occasional 
Magnolia acuminata and slender bud-covered Oxydendrum 
arboreum. 

At the top of what our driver called ‘‘ The Pass,” we 
came upon a swamp filled with Aalmia Jatifolia in full 
bloom, a miniature forest of dark, glossy-leaved shrubs, 
covered with great pink and white clusters of flowers. In 
that same swamp the tall, graceful Awmzanthium musce- 
toxicum towered high above its smaller companions, among 
which we gathered some very large-leaved Anemone trifolta, 
Parthentum integrifolium, and the fruit of the ever-present 
Dioscorea villosa. One of the last plants gathered that day 
was a new variety of Sexeczo aurecus.* 


* Hieracium Marianum, var. $pathulatum (Sch. Bip), A. Gray, Syn. Flor. 
Gamopet. Suppl]. Determined by Dr. Porter.—N. L. B. 

+ Senecio aureus, L., var. angustifolius, nv. var. Growing in dense clumps 
a toot or two in diameter, on dry hillsides. Stems erect, slender, 15 
high, simple, their bases and nodes densely clothed with long, white 
wool; lower leaves linear or linear-oblong, long-petioled, the blades 3-4 
long, 6’’-8’’ wide, blunt at the apex, dentate all around, commonly witha few 
linear lobes at the base, the petioles slender, 3'—-5’ long, densely woolly below ; 
upper leaves sessile, linear, pinnatifid ; heads numerous, 3°°—4"° high, many- 
flowered, rays 6-8 ; akenes very hispidulous. 

Evidently nearest to var. Aal/samitea, but different from any state of that 
plant (which may be a species) that has come under my observation. A 
specimen collected at Chapel Hill, N. C., by Prof. J. A. Holmes, in 1886, 1s 
probably to be referred here. although the wool of the base and nodes is much 


less.—N. L. B. 
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The drive was a succession of beautifu. views, and at 
seven P. M. we were at the foot of the Peaks, and there, to 
our consternation, we heard that a long, steep climb was to be 
the end of our journey that evening. The wagons were left : 
at a small log hut, dignified by its owner with the title of 
stable ; and laden with the necessary bags and the precious 
botany boxes, we started into the dark woods up a seemingly 
endless and perpendicular path. We stumbled along in the 
pitch darkness, till an old negro with a lantern came to our 
rescue and piloted us over the huge boulders that crowned 
the summit, to the log cabin that was to be our shelter that 
night. How our leader, carrying two bags and two botany 
boxes, ever got over those boulders alone and in the dark, 
without breaking his neck, was a mystery we could not solve 
when we saw the place by daylight. 

Before retiring to our primitive rooms under the roof we 
were shown the sights. They were the lights of many towns 
and villages shining up out of the valleys below, and a flock : = 
of ghostly, wild, white Angora goats that frequent the sum- 
mit after nightfall. 

At five we were out for sunrise, and from the lee side of 
a big boulder watched the light come up from behind a great 
bank of dark clouds and gradually brighten, first the forest- 
clad mountain-tops, and then creep down into the misty 
valleys at our feet. It was a surprisingly beautiful pano- 
rama. On one side the undulating Virginia plain, and on the 
other, endless chains of misty blue mountain-ranges fading 
into the horizon. 

But even the most enthusiastic of sight-seers tire on a cold 
rock at five A. M., and without looking at a plant we returned 
to the cabin, to wait for the sun to warm things up a little. 

Among the stones on the summit we found the rare 
Diclytra eximia and plenty of the beautiful, rose-colored Rho- 
dodendron Catawbiense in full bloom, and also collected a few 
fine specimens of the showy white flowers of Pyrus Americana. 
After breakfast we climbed down over the pathless ledge into 
the woods below, where we found Lz/ium Grayi and Melan- 
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thium parvifiorum in bud, and some astonishingly large and 
beautiful flowers of Aguilegia Canadensis. Asarum arifolium: 
was flowering below the summit near a little spring, and the 
top of a group of huge boulders called The Needles was 
covered with the pretty Paronychia argyrocoma. 

We collected some fine fruiting specimens of Clematis 
vertictllata, and also found the fruit of many plants seen in 
flower ten days earlier on Salt Pond Mountain, and at noon 
we walked down to the stable, where we sat in the hay and 
put our plants into press. 

Buchanan was reached on the return trip in time to 
collect our hand-luggage (which by that time, counting bags, 
botany boxes, plant presses, bundles of roots tied up in red 
bandannas, etc., for a party of seven, amounted to twenty-two 
pieces), and catch the Shenandoah Valley train that evening. 

The next stop was at Luray, where the caves were visited, 
and we took a drive across the valley, but beyond the plants 
already mentioned as found there, we did not see anything 
very remarkable. Our steps were then turned homewards, 
and New York was reached at noon on June 10th. We had 
been away fifteen days and collected about 1,000 specimens, 
representing 7I orders, 195 genera and 215 species, as 
enumerated in the following list. A delightful trip, and one 
which I am sure we all hope may be repeated. 














VIRGINIAN PLANTS. 


Collected by Hon. Addison Brown, Thos. Hogg, Anna Murray Vail. Millie 
Timmerman and Dr. and Mrs. N. L.. Britton 
May 30th—June goth, 18900. 


Clematis Additsoniz. Britt. Roanoke. 


Clematis viorniotdes. Britt. °C. Addtsonit x C. Vtroerna). 
Roanoke. 
Clematis Viorna. L. Roanoke, Eggleston's. 


“DD 
Clematis verticillarits, D. C. Peaks of Otter. 
Anemone Virginiana, lL. Roanoke. 


Anemone guinguefolia, L.. Salt Pond Mountain. 

Anemone trifolia, L. Salt Pond Mountain, Peaks of Otter. 
Anemone Hepatica, L. Eggleston's. 

ANEMONE ACUTA (Pursh). (ffepfatica triloba, var. acuta, 


Pursh, Fl. Am., Sept., 391 (1814), Hep. acutzloba, D. C. 
Prod. 1., 22 (1824). 

Thalictrum diowum, L.. Salt Pond Mountain. 

Thalictrum purpurascens, 1. Roanoke. 

TRAUTVETTERIA CAROLINIENSIS (Walter), Hydrastis Carolt- 
niensis, Walt. Fl. Car., 156 (1788), Crmectfuga palmaté, 
Michx. Fl. Bor. Am., i., 316 (1803) ; 7raut. palmata, 
Fish. & Mey.) Salt Pond Mountain. 


Ranunculus abortivus, L. Salt Pond Mountain. 

Ranunculus sceleratus, L. Roanoke. 

Ranunculus recurvatus, L.. Salt Pond Mountain. 

Ranunculus septentrionalis, Poir. Salt Pond Mountain. 

Aqutilegia Canadensis, 1.. Roanoke, Salt Pond Mountain, 
Peaks of Otter. 

Delphinium Consolida, L. Roanoke. 

Aconitum uncinatum, .. Peaks of Otter. 

Actea alba (1..), Bigelow. Salt Pond Mountain. 

Magnolia acuminata, L. Salt Pond Mountain, Peaks of Otter. 

A simina triloba (.), Dunal. Roanoke. 
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Berberts Canadensis (Ait.), Pursh. Eggleston's Cliffs. 

Caulophyllum thalictrotdes (1..), Michx. Salt Pond Moun- 
tain. 

Podophyllum peltatum, L. Salt Pond Mountain. 

Chelidontum majus, L. Salt Pond Mountain. 

Diclytra eximia (Ker.), D.C. Peaks of Otter. 

Corydalis favula, D.C. Salt Pond Mountain. 

Corydalis micrantha (Engelm.), Gray. Roanoke. 

Arabis Canadensis, L. Salt Pond Mountain, Peaks of Otter. 

Arabts lyrata, L. Eggleston's. 

Draba ramostssima, Desv. Eggleston's. 

Nasturtium officienale, R. Br. Roanoke. 

Barbarea vulgaris, R. Br., var. arcuata (Reich), Koch. 
Eggleston's. 

Lepidium Virginicum, L.. Eggleston's. 

Viola pedata, L.. Salt Pond Mountain, Peaks of Otter. 

Viola pedata, L., forma dézcolor (Pursh), Britt. Salt Pond 
Mountain. 

Viola palmata, _.. Egegleston’s. 

Viola obliqua, Hill. Eggleston's, Salt Pond Mountain. 

Viola obliqua, Hill, forma alba (T. & G.) Salt Pond Moun- 
tain. 

Viola sagittata, Ait. Salt Pond Mountain. 

Viola blanda, Willd. Salt Pond Mountain. 

Viola rotundifolia, Michx. Salt Pond Mountain. 

Viola pubescens, Ait. Salt Pond Mountain. 

Viola hastata, Michx. Salt Pond Mountain. 


Viola Canadensis, \1.. Salt Pond Mountain. 
Viola striata, Ait. Salt Pond Mountain. 
Dianthus Armeria, L. Eggleston's. 


Silene Virginica, 1.. Roanoke, Salt Pond Mountain, Peaks 
of Otter. 

Silene antirrhina, L. Roanoke. 

Arenarta serpyllifolia, L. Radford. 

Arenaria stricta, Michx. Eggleston’s. 

Stellaria pubera, Michx. Salt Pond Mountain. 

Hypericum prolificum, L. Roanoke. 
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Tilia heterophylla, Vent. Salt Pond Mountain. 
Geranium maculatum, L. Salt Pond Mountain. 
Oxalis Acetosella, L. Salt Pond Mountain. 
Oxalis violacea, L. Salt Pond Mountain. 
Oxalis stricta, L. Eggleston's. 
Oxalis recurva, E\l. Roanoke, Eggleston's. 
/lex montana, A. Gray. Salt Pond Mountain, Peaks of Otter. 
Celastrus scandens, .. Peaks of Otter. 
Ekuonymus atropurpureus, Jacq. Roanoke. 
Pachystima Canbyit, A. Gray. Eggleston's Cliffs. 
Ceanothus Americanus, L. Peaks of Otter, Luray. 
Vitis estivalis, Michx. Peaks of Otter. 
Asculus lutea, Wang. Schrift. Nat. Fr. Berlin, vit, 133 
(1788). .d. octandra, Marsh. Arb. Amer., 4 (1785), not 
Mill (1768). .4. fava, Ait. Hort. Kew, i., 494 (1789). 
Salt Pond Mountain. 
Acer Pennsylvanicum, L. Salt Pond Mountain. 
Acer spicatum, Lam. Salt Pond Mountain. 
Rhus aromatica, Ait. Eggleston’s Cliffs. 
Polygala Senega, L. Salt Pond Mountain. 
Baptista tinctoria (L.), R. Br. Salt Pond Mountain, Peaks of 
Otter. 
Lupinus perennis, L. Peaks of Otter. 
Trifolium arvense, L. Roanoke. 
Trifolium procumbens, L.. Roanoke. 
Tephrosia Virginiana (L.), Pers. Roanoke, Peaks of Otter. 
Robinia Pseudacacia, L.. Peaks of Otter. 
Lespedeza violacea (1..), Pers. Roanoke. 
Stylosanthes biflora (L.), B.S. P. Peaks of Otter. 
Vicia Americana, Muhl. Peaks of Otter. 
Lathyrus venosus, Muhl. Peaks of Otter. 
Prunus serotina, Ehrh. Salt Pond Mountain. 
Prunus Virginiana, L. Peaks of Otter. 
Spirea corymbosa, Raf. Peaks of Otter. 
Spirea Aruncus, L. Peaks of Otter. 
Physocarpa opultfolia (L.), Raf. Peaks of Otter. 
Gillenia trifoliata (L.), Moench. Salt Pond Mountain. 
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Rubus odoratus, L. Peaks of Otter. 

Potentilla Canadensis, L. Salt Pond Mountain. 

Rosa humilis, Marsh. Roanoke. 

Pyrus nigra (Marsh.), Sargent. Salt Pond Mountain. 
Pyrus Americana, (Marsh.), D.C. Peaks of Otter. 
Crategus coccinea, L. Salt Pond Mountain. 


Crategus punctata, Jacq. Roanoke. 


Crategus Crus-galli, LL. Roanoke. 

Amelanchier Canadensis, var. rotundifolia, V. & Gr. Salt Lake 
Mountain. 

Saxifraga Virginiensis, L. Peaks of Otter. 

Saxtfraga micranthifolia (Haw.), B.S. P. Salt Pond Moun- 
tain. 


Saxifraga leucanthemtfolia, Michx. Salt Pond Mountain. 

ltarella cordifolia, L. Salt Pond Mountain. 

Heuchera villosa, Michx. Salt Pond Mountain, Eggleston's. 

Heuchera Americana, L. Peaks of Otter. 

Heuchera pubescens, Pursh. Roanoke. 

Parnassia asarifolia, Vent. Salt Pond Mountain. 

Ribes Cynosbati, L. Salt Pond Mountain. 

Ribes rotundtfolium, Michx. Salt Pond Mountain. 

Sedum Neviz, Gray. Roanoke. 

Sedum ternatum, Michx. Salt Pond Mountain. 

Callitriche heterophylla, Pursh. Salt Pond Mountain. 

(Enothera glauca, Michx. Peaks of Otter. 

Thaspium barbinode (Michx.), Nutt. Peaks of Otter, 
Roanoke. 

Pimpinella integerrima (\..), Benth. & Hook. Salt Pond 
Mountain. 

Zizia cordata, Koch. Peaks of Otter. 

Zizia Bebbu (Coult. & Rose), Britt. Salt Pond Mountain. 

Osmorhiza longistylis, (Torr.), D. C. Salt Pond Mountain, 
Roanoke. 

Sanicula Marylandica, .. Salt Pond Mountain. 

Aralia nudicaults, 1. Salt Pond Mountain. 

Cornus florida, L. Peaks of Otter. 


Cornus alternifolia, L. f. Salt Pond Mountain (Cascade). 
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Viburnum lantanoides, Michx. Salt Pond Mountain. 
Viburnum nudum, L. Salt Pond Mountain. 
Diervilla trifida, Moench. Peaks of Otter. 
Triosteum perfoliatum, L. Peaks of Otter. 
Houstonia cerulea, L. Salt Pond Mountain. 
Houstonia purpurea, L., var. longifolia (Gaertn.), A. Gray. 
Peaks of Otter, Salt Pond Mountain. 
Mitchella repens, L.. Salt Pond Mountain, Natural Bridge. 
Galium latifolium, Michx. Eggleston’s, Peaks of Otter. 
Galium circezans, Michx. Eggleston's. 
krigeron bellidifolius, Muhl. Salt Pond Mountain. 
Erigeron Philadelphicus, .. “gegleston’s. 
Filago Germanica, L. Luray. 
Antennaria plantaginifolia (L.), Hook. Salt Pond Moun- 
tain. 
Guaphalium purpureum, L. Roanoke. 
Parthenium integrifolium, L. Peaks of Otter. 
Rudbeckia triloba, L. Eggleston's. 


Coreopsis verticillata, L. Peaks of Otter. 

Senecio aureus, L. Culpeper. 

Senecio aureus, var. Balsamite. (Muhl.), Torr. & Gr. Peaks 
of Otter. , 

Senecio aureus, L., var. angustifolius, Britt. Peaks of Otter. 


Hieracium venosum, L.. Salt Pond Mountain, Roanoke. 

Ffieractum Maritanum, Willd., var. spathulatum (Sch. Bip.), 
A. Gray. Peaks of Otter. 

Crepis pulchra, LL. Near Culpeper 





railroad embankment. 

Lobelia spicata, L.. Luray. 

Gaylussacia resinosa (Ait.), Torr. & Gray. Luray, Salt 
Pond Mountain. 

Vaccinium stamipneum, L. Salt Pond Mountain. 

Vaccentum Pennsylvanicum, Lam. Salt Pond Mountain. 

Vaccinium vacillans, Solander. Salt Pond Mountain. 

Vaccinium corymbosum, L. Salt Pond’ Mountain. 

Vaccinium erythrocarpon, Michx. Salt Pond Mountain. 

Oxycoccus macrocarpus (Ait.), Pers. Salt Pond Mountain. 


Epige@a repens, L. Salt Pond Mountain. 
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Andromeda ligustrina, Muhl. Salt Pond Mountain, Peaks of 
Otter. 

Andromeda ligustrina, Muhl, var. pubescens, A. Gray. 
Salt Pond Mountain. 

Oxydendrum arboreum (1..), D. C. Eggleston’s, Peaks of 
Otter. 

Kalmia latifolia, L. Salt Pond Mountain, Peaks of Otter. 

Menstesia globularis, Salisb. Salt Pond Mountain. 

Rhododendron canescens (Michx.), Porter. Salt Pond Moun- 
tain, Peaks of Otter. 

Rhododendron calendulaceum (Michx.), Torr. Salt Pond 
Mountain. 

Rhododendron Catawbiense, Michx. Peaks of Otter. 

Chimaphila maculata (L.), Pursh. Peaks of Otter. 

Galax aphylla, 1. Salt Pond Mountain, Peaks of Otter. 

Lysimachia guadrifolia, . Peaks of Otter. 

Samolus Valerand?, ., var. floribundus (H. B. K.), B.S. P. 
Salt Pond Mountain. 

Diospyros Virginiana, L. Roanoke. 

A pocynum androsemtifolium, L. 

A pocynum cannabinum, L. Salt Pond Mountain. 

A sclepias purpurascens, L. Roanoke. 

Asclepias variegata, L. Eggleston’s, Peaks of Otter. 

Asclepias quadrifolia, 1. Salt Pond Mountain, Peaks of 


Otter. 
Gonolobus Carolinensis (Jacq.), R. Br. Roanoke. 
Phlox ovata, L. Near Eggleston’s. 


Phlox divaricata, L. Salt Pond Mountain. 
Hydrophyllum Virginicum, L. Salt Pond Mountain. 
Phacelia parviflora, Pursh. Salt Pond Mountain. 
Cynoglossum officinale, L. Salt Pond Mountain. 
Cynoglossum Virginicum, L. Roanoke. 

Myosotis laxa, Lehm. Peaks of Otter, near Buchanan. 
Onosmodium Virginicum (L.), D. C. Peaks of Otter. 
Onosmodium Carolinianum (Lam.), D.C. Roanoke. 
Echium vulgare, 1. Buenavista. 

Convolvulus spithameus, L. Peaks of Otter. 
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Linaria vulgaris, Mill. Luray. 

Scrophularia nodosa, \.., var. Marylandica (.), A. Gray. 
Peaks of Otter. 

Pentstemon hirsutus (1..), Willd. 

Pentstemon levigatus, Sol. Roanoke. 

Pentstemon levigatus, Sol., var. canescens, Britt. Peaks of 
Otter, Roanoke, Luray. 

Veronica Anagallis, 1. Roanoke. 

Veronica officinalis, .. Radford. 

Veronica serpyllifolia, \.. Mountain Lake. 

Veronica arvensis, 1. Radford. 





Castilleia evccinea (L.), Spreng. Salt Pond Mountain. 
Pedicularis Canadensis, L. Salt Pond Mountain. 
kpiphegus Virginiana (1..), Bart. Salt Pond Mountain. 
Conopholis Americana (1. f.), Wallr. Salt Pond Mountain. 
Aphyllon uniflorum (1..), A. Gray. Salt Pond Mountain. 


Ruellia ciliosa, Pursh, var. améigua, A. Gray. Roanoke. 
Ruellia Stvepens, s Roanoke. 
Dianthera Americana. 1... Roanoke. 


Verbena angustifolia, Michx. Roanoke, Luray. 
Salvia lyrata, L. Roanoke. 

Monarda fistulosa, 1... Roanoke. 

Scutelaria saxatilis, Riddell. Salt Pond Mountain. 
Scutellaria serrata, Andrews. Salt Pond Mountain. 
ScutelUaria pilosa, Michx. Luray. 

Scutelaria nervosa, Pursh. Salt Pond Mountain. 
Marrubitum vulgare, 1. Roanoke. 

Leonurus Cardiaca, .. Eggleston's. 

Paronychia argyrocoma, Nutt. Peaks of Otter. 
Polygonum terrestre (Michx.), Britt. Eggleston’s. 


“55 
Polygonum Convolvulus, 1. Natural Bridge. 
Asarum Canadense, L.. Salt Pond Mountain. 
Asarum Virginicum, 1. Salt Pond Mountain (Cascade). 


Asarum arifolium, Michx. Peaks of Otter. 

Aristolochia Sipho, L’Her. Salt Pond Mountain. 
Euphorbia corollata, L. Roanoke, Peaks of Otter, Luray. 
Luphorbia commutata, Engelm. Roanoke. 
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Euphorbia Lathyris, L. Luray. 

Laportea Canadensis (L.), Gaud. Salt Pond Mountain. 

Fitcoria alba (L.), Britt. Salt Pond Mountain. 

Fficoria minima (Marsh.), Britt. Salt Pond Mountain. 

Alnus viridis, D.C. Salt Pond Mountain. 

Quercus alba, L. Salt Pond Mountain. 

Quercus tlicifolia, Wang. Salt Pond Mountain. 

Castanea pumila, Mill. Peaks of Otter. 

Pinus Strobus, L. Salt Pond Mountain. 

Liparis liliifolia (1..), Richard. Eggleston’s. 

Goodyera repens (1..), R. Br. Salt Pond Mountain. 

Pogonia verticillata (Willd.), Nutt. Salt Pond Mountain. 

Habenaria bracteata (Willd.), R. Br. Salt Pond Mountain. 

Cypripedium parviforum, Salisb. Salt Pond Mountain, Peaks 
of Otter. 

Cypripedium pubescens, Willd. Salt Pond Mountain. 

Cypripedium acaule, Ait. Salt Pond Mountain, Peaks of 


Otter. 
Sesyrinchium angustifolium, Mill. Salt Pond Mountain, 
EK gegleston’s. 


Hypoxts erecta, L. Salt Pond Mountain, Eggleston's. 

Dioscorea villosa, L. Salt Pond Mountain. 

Smilax Walteri, Pursh. Eggleston's. 

Smilax rotundifolia, L. Salt Pond Mountain. 

Smilax Pseudo-China, L. Roanoke. 

Convallaria majalis, V.. Salt Pond Mountain, Peaks of 
Otter. 

Polygonatum commutatum, (Schult), Dietr. Salt Pond Moun- 
tain. 

Unifolium Canadense (Desf.), Greene. Salt Pond Mountain. 

Unifolium racemosum (L.) Britt. Salt Pond Mountain. 

Disporum lanuginosum (Michx.), Britt. Salt Pond Moun- 
tain. 

Clintonta borealis (Ait.), Raf. Salt Pond Mountain. 

Clintonta umbellata (Poir.), Torr. Salt Pond Mountain. 

Vvularia perfoliata, L. Salt Pond Mountain. 

Vvularia puberula, Michx. Salt Pond Mountain. 
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Lilium Grayt, S. Wats. Salt Pond Mountain, Peaks of Otter. 

Medeola Virginiana, L.. Salt Pond Mountain, Peaks of Otter. 

Trillium erectum, 1. Salt Pond Mountain. 

Trillium grandiforum, Salisb. Salt Pond Mountain. 

Trillium erythrocarpum, Michx. Salt Pond Mountain. 

Chamelirium luteum (.), A. Gray. Salt Pond Mountain. 

Melanthium parviflorum (Michx.),5. Wats. Salt Pond Moun- 
tain, Peaks of Otter. 

Veratrum viride, Ait. Salt Pond Mountain. 

Amianthium muscetoxicum (Walt.), A. Gray. Peaks of Otter. 

Tradescantia Virginica, L.. Salt Pond Mountain. 

Luzula campestris (L.), D.C. Salt Pond Mountain. 

Arisema triphyllum (1..), Torr. Salt Pond Mountain. 

Carex intumescens, Rudge. Salt Pond Mountain. 

Carex lurida, Wahl., var. gracilis, Boott. Salt Pond Moun- 
tain. 

Carex scabrata, Schw. Salt Pond Mountain, Peaks of Otter. 

Carex prasina, Wahl. Salt Pond Mountain. 

Carex gynandra, Schw. Salt Pond Mountain, Peaks of Otter. 

Carex estivalis, Curtis. Peaks of Otter. 

Carex laxiflara, Lam., var. /atifolia, Boott. Salt Pond 
Mountain. 

Carex platyphylla, Carey. Eggleston's. 

Carex communis, Bailey. Peaks of Otter. 

Carex polytrichoides, Muhl. Salt Pond Mountain. 

Carex stipata, Muhl. Salt Pond Mountain. 

Carex rosea, Schk. Salt Pond Mountain. 

Carex rosea, Schk., var. radiata, Dewey. Peaks of Otter. 

Carex canescens, L. Salt Pond Mountain. 

Carex canescens, L., var. dbrunescens (Pers.), Boott. Salt Pond 
Mountain. 

Carex echinata, Murray. Salt Pond Mountain. 

Carex adusta, Boott. Peaks of Otter. 

Carex scoparia, Schk. Peaks of Otter. 

Carex cephalophora, Schk. Eggleston's. 

Panicum latifolium, ., var. molle, Vasey. Salt Pond 


¢ 


Mountain. 
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Panicum clandestinum, L. Salt Pond Mountain, Peaks of 
Otter. 

Panicum depauperatum, Muhl. Salt Pond Mountain. 

Arrhenatherum elatius (L.), Mert. & Koch. Roanoke. 

Flolcus lanatus, L. Luray. 

Trisetum Pennsylvanicum (L.), B.S. P. Peaks of Otter. 

Danthonia spicata (L.), Beauv. Peaks of Otter. 

Eatonia Dudleyt, Vasey. Salt Pond Mountain, Eggleston's. 

Melica diffusa, Pursh. Roanoke. 

Poa brevifolia, Muhl. Salt Pond Mountain. 

Glycerta elongata (Torr.), Trin. Peaks of Otter. 

Glycerta nervata (Willd.), Trin. Salt Pond Mountain. 

Festuca nutans, Spreng. Salt Pond Mountain, Eggleston's. 

kestuca elatior, L.. Roanoke. 

Bromus racemosus, 1. ‘ong Bridge, Alexandria. 

Lromus purgans, L. Egegleston’s. 

iquisetum hyemale, L. Roanoke River. 

Chetlanthes vestita, Swartz. Banks of Roanoke River. 

Pellea atropurpurea (L.), Link. Roanoke, Eggleston's. 

Asplenium Trichomanes,. Cascade on Salt Pond Mountain, 

Asplenium parvulum, Mart. & Gal. Eggleston's Cliffs, Roan- 
oke Cliffs. 

Asplenium platyneuron (L.), Oakes. Salt Pond Mountain. 

Asplentum montanum, Willd. Salt Pond Mountain, Peaks of 
Otter. 

Asplenium Ruta-muraria, L. Eggleston's, Roanoke. 

Camptosorus rhizophyllus (L.), Link. Salt Pond Mountain, 
Egegleston’s, Natural Bridge. 

Aspidium spinulosum, Swartz, var. dilatatum, Hook. Salt 
Pond Mountain. 

Aspidium acrostichoides (Michx.), Sw. Salt Pond Mountain. 

Cystopteris bulbtfera (L.), Bernh. Salt Pond Mountain. 

Woodsta obtusa (Spreng.), Torr. Roanoke. 

Osmunda Claytoniana, L. Salt Pond Mountain. 

Botrychium Virginitanum (L.), Swartz. Peaks of Otter. 

Lycopodium luctdulum, Michx. Salt Pond Mountain. 

Lycopodium obscurum, 1. Salt Pond Mountain. 


VoL. Il.—7, 














LIST OF THE MOSSES COLLECTED. 


By ELIZABETH G. BRITTON. 


The mosses collected were not many nor of special interest, 
with one exception. At the spring on the Peaks of Otter, 
on the vertical face of shaded rock, was collected a sterile 
Grimmia, which on examination proves to be G. Hartmannut, 
a species new to the United States, since the specimens 
collected by Mr. Leiberg prove not to be that species ; asso- 
ciated with it was Swartzza montana, also sterile. The fol- 
lowing is the list of species : 


Bartramia pomiformis, Hedw. Cascades, Little Stony Creek. 

Dicranum scoparium (L.), Hedw. Mountain Lake. 

D. montanum, Hedw. Little Stony Creek. 

Swartzia montana (Lamk.), Lindb. Peaks of Otter. 

Fissidens subbasitlaris, Hedw. Roanoke River, Mountain 
Lake 

Georgia pellucida (L.), Rab. Bald Knob, Cascades of Little 
Stony Creek. 

Webera sessilis (Schmid.), Lindb. (Diphyscitum foliosum, 
W. & M.) Peaks of Otter. 

Mollia wruginosa (Sm.), Lindb. (Gymnostomum rupestre, 
Schweegr.) Cascades. 

Polytrichum formosum, Hedw. Salt Pond Mountain. 

Grimmia campestris, Burchell (G. leucophea, Grev.) Peaks 
of Otter. 

Grimmia Hartmanni, Br.& Sch. At the spring, Peaks of Otter. 

Weissta Americana (P. Beauv.), Lindb. (Ulota Hutchinsie, 
Schimp.) Bald Knob. 

W. ulophylla, Ehrh. (U.crispa, Brid.) Bald Knob, Peaks of 
Otter. 

Drummondia clavellata, Hook. Bald Knob, Peaks of Otter. 

Bryum bimum, Schreb. Mountain Lake. 

B. roseum, Schreb. Mountain Lake, Peaks of Otter. 

Pohlia nutans (Schreb.), Lindb. (Webera nutans, Hedw.) 

Cascades, Peaks of Otter. 
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P. elongata, Hedw. (W. elongata, Schwegr.) Mountain Lake, 
Cascades. 

Mnium cuspidatum, Hedw. Mountain Lake. 

M. punctatum (L.), Hedw. Mountain Lake. 

Fontinalis Dalecarlica, Br. & Sch. Mountain Lake, Cascades 
of Stony Creek. 

Anomodon obtustfolius, Br. & Sch. Roanoke. 

Climacium Americanum, Brid. Mountain Lake. 

C. dendrotdes, Web. & Mohr. Bald Knob, Salt Pond Moun- 
tain. 

Cylindrothectum cladorhizans, Schimp. Peaks of Otter. 

Leucodon brachypus, Brid. Roanoke, Mountain Lake, Peaks 
of Otter. 

Neckera pennata, Hedw. Mountain Lake. 

Thuidium abtetinum (L.), Br. Eu. Bald Knob, Salt Pond 
Mountain. 

Brachythectum salebrosum, Hoffm. Little Stony Creek, 
Mountain Lake. 

Plagiothectum Muhlenbeckit, Spruce. Bald Knob, Cascades 
of Little Stony Creek. 

P. denticulatum, L. Cascades of Little Stony Creek. 

Hypnum curvifolium, Hedw. Little Stony Creek, Mountain 
Lake. 

H. imponens, Hedw. Little Stony Creek, Mountain Lake. 

H. cupressiforme, L. Little Stony Creek, Mountain Lake. 
var. filiforme, Brid. Bald Knob, Salt Pond Mountain. 

Amblystegium radicale, Beauv. Little Stony Creek, Moun- 
tain Lake. 

Campylium chrysophyllum, Brid. Mountain Lake, Cascades 
of Little Stony Creek. 

Rhytidium rugosum (L.) Bald Knob, Mountain Lake, Peaks 
of Otter. 

Hylocomium partetinum (L.), Lindb. (H. Schredert, Willd.) 
Bald Knob. 

H. brevirostre, Br. & Sch. Bald Knob, sterile. Cascades, 
fruiting. 

Hypnum stramineum, Dicks. With Dicranum, on logs in 

Mountain Lake. 




















ON THE AUTUMN FLORA OF SOUTH- 
KASTERN VIRGINIA. 
By ARTHUR HOLLICK. 


During the month of September Dr. N. L. Britton pro- 
posed that we should make a trip to Southeastern Virginia, 
in order to study the autumn flora of that region, and with 
that end in view we made Norfolk our headquarters. We 
arrived at Norfolk September 25th, and immediately com- 
menced collecting. A branch of the Elizabeth River ex- 
tends well up into the city, and along these banks were 
found a large number of the representative plants of the 
region. Solidago Canadensis, var. procera, S. Caroliniana, 
Eupatorium serotinum, fk. perfoliatum, Baccharis halimtfolia 
and Verdbestna Sigesbeckiz made up the bulk of the vegeta- 
tion. Slax RBona-nox was plentiful, and was the prevail- 
ing species. Ouercus Phellos was common, and seemed a 
favorite tree for roadside planting in the city. Early on the 
morning of the 26th we started for Virginia Beach, a portion 
of the coast near the mouth of Chesapeake Bay. Here 
we obtained an excellent idea of the coast flora and added 
two new plants to the known flora of Virginia, viz.: Aleo- 
charis ochreata and Panicum gibbum. In the sandy swamps 
and along the borders of ponds, immediately back of the 
beach, were //ex opaca, the size of forest trees, and with it 
were /. vomitoria and /. Cassine. Vitis rotundifolia was found 
clambering everywhere over the bushes. Locally this grape 
is known as “bullace grape,’ and even in its primitive state 
it is not unpalatable when perfectly ripe. This is the species 
from which the ‘‘Scuppernong” is said to have been de- 
rived,—a variety much used for the table,—as we ascertained 
at Norfolk, where they were served regularly three times a 
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day. Hydrocotyle umbellata and H. Astatica were plentiful 
in the wet sand. The genus FAufatortum was well rep- 
resented ; for in addition to the species collected the pre- 
vious day at Norfolk we found £. rotundifolium, E. hyssopt- 
folium, F. calestinum, with its showy blue corymbs, and £. 
Faniculoides, which was one of the most conspicuous objects 
in the landscape in places. Whole fields seemed to be in its 
possession, and the long feathery panicles were singularly 
graceful in appearance. Trailing over the ground and 
bushes, and climbing high in trees, we were surprised to 
find Gelsemium sempervirens in full flower and with many 
buds partly opened, although the time of flowering is said to 
be March and April. Callicarpa Americana, with its showy 
red-purple clusters of berries, was a beautiful object, rather 
sparingly represented. Lechea maritima was collected on 
the dry sand dunes, and (nothera humifusa on the sea beach 
just above high-water mark. In addition to the above 
mentioned, about forty others were obtained, including 
Rynchospora glomerata, var. paniculata. 

On the 27th we took the railroad to Suffolk, and from 
thence secured two canoes and boatmen to paddle us up the 
old canal into the Dismal Swamp. This canal was cut 
through the swamp for the purpose of floating out timber. 
It averages some 4 or 5 ft. deep, and about 10 ft. wide, and a 
journey of about six miles by this means enabled us to form 
an excellent idea of the vegetation. Throughout several 
miles there was a dense growth of ‘‘cane-brake” on each 
side. (Arundinarta macrosperma, var. suffruticosa.) The 
genus //ex was represented by /. Cassine, /. levigata and 
l. glaber. Smilax laurifolia was omnipresent. Less com- 
mon was S. Waltert, specimens of which were found with 
light yellow berries tinged with red, for which the name 
forma pallida is proposed. I was especially interested in 
noting several trees of Quercus heterophylla, not only because 
this increases the range of the tree, but also on account of 
finding it associated as usual with Q. P#ellos and Q@. 
rubra or possibly Q. ¢iuctoria, between which latter I was 
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in doubt on account of not finding any fruit. The only 
other representative of the genus present was Q. aquatica. 
Nyssa bifora and N. sylvatica were amongst the most con- 
spicuous trees. NV. wxzfora, under the name of * poison oak,” 
was not so common. My negro boatman warned me not to 
touch this tree on account of its poisonous properties, but as 
no evil effects have yet ensued from handling the specimens 
I do not place much faith in the legend. Leucothoe racemosa, 
Andromeda ligustrina and several other shrubs were col- 
lected indiscriminately, and amongst them we found, on more 
careful examination, Axdromeda nitida, another addition to 
the flora of the region. Gerardia purpurea, with white flow- 
ers (forma a/biflora), was growing on the banks of the canal. 
Utricularia purpurea was abundant in places close to the 
banks, and masses of Eriophorum Virginicum were frequent. 
A single specimen representing a variety of Ayxchospora 
axillaris was obtained. Most all of the large trees were cut 
for timber many years since, and although there are a few 
specimens of Zarodium distichum, they are only of small sec- 
ond growth, with ‘‘ knees” very little developed. A peculiar 
delicate bell-shaped fungus frequently infests the branches of 
this tree, giving the young ones the appearance of erica- 
ceous shrubs. Nes@a verticillata, with splendidly developed 
zerenchymous branches, bordered the canal for miles. On 
the roadside between Suffolk and the canal a dense growth 
of a clover-like plant attracted our attention, which turned 
out to be Lespedeza striata, a still further addition to the 
flora of the region. Oxydendrum arboreum, Solidago puberula 
and Chrysopsis graminifolia were also collected along the 
said roadside. 

Our intention had been to explore the vicinity of Fortress 
Monroe on the 28th and 29th, but stormy weather prevented. 
There is but little doubt that many new and interesting finds 
await the botanist in this region, as indicated by the four 
species new to the State added in two days’ collecting so late 
in the season, and 113 other species which we found of suffi- 
cient interest to bring back with us. 
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ANEMONE TRIFOLIA, L. 





(Plant natural size; fruit: enlarged.) 
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CONTRIBUTIONS TO THE KNOWLEDGE OF THE 
GERMINATION OF SOME NORTH 
AMERICAN PLANTS. 

By THEODOR HOLM. 

(Plates V.-XIX.) 


The present paper deals with the description of the germination and early 
stage of the growth and development of the rhizomes of some plants, mostly 
from North America. The greater part of the material upon which it is based 
was collected in the immediate vicinity of Washington. The foreign materials, 
as well as some of the rarer North American species, were obtained from 
the U.S. Botanical Garden, where they had been cultivated by Mr. G. W. 
Oliver, to whom the author is under especial obligations. ‘The author is also 
greatly indebted to Prof. F. H. Knowlton, who has kindly looked over the 
manuscript and suggested several alterations in regard to the language, and 


recommended the use of some botanical terms. 
RANUNCULACE &. 
Anemone thalictroides. 


This plant was first described by Linné, and referred to 
the genus Anemone, and later has been transferred from one 
senus to another by various authors. Michaux placed it 
under 7halictrum, and Asa Gray, accepting the suggestion of 
Michaux in regard to its systematic position, called it 7/alsc- 
trum anemonotdes, although with the additional subgeneric 
name of Syxdesmon of Hoffmansegg. 

The plant was then again placed under Anemone by Ben- 
tham and Hooker as representing the subgenus “ Syzdesmon,” 
considered as identical with Anemonella of Spach. In the 
6th edition of Gray’s Manual, revised by Watson and 
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Coulter, we find it as a true genus Axemonella, separate from 
Anemone and Lhalictrum. 

The plant seems to show characters intermediate between 
those of Anemone and Thalictrum, having the flower and in- 
volucre of an Anemone and the foliage of a 7halctrum. It 
has umbellate peduncles like those of Anemone narcissiflora 
and others, while the ribbed achenia ally it to /hal- 
ictrum ; but it does not seem, however, as though this diver- 
sence of characters were sufficient to entitle it to rank as a 
separate genus. 

And when the genus Axvemonella, in the synopsis of the 
genera in the revised edition of Gray's Manual, is char- 
acterized as having a larger number of achenia_ than 
Thalictrum, that is, ‘‘ four to fifteen in Axemonella,” and few 
in 7halictrum, it does not correspond to what is said in the 
generic diagnosis of /alectrum, which is also described as 
having “ four to fifteen achenes.” 

In regard to the structure of the roots our plant shows a 
certain peculiarity, which removes it at once from Axemone 
and Thalictrum. ‘The roots are fusiform and tuberous, cor- 
responding to the same kind of nutritive roots so well known 
in Dahlia, Ficaria, etc. The plant is perennial and the germ- 
ination shows a few points of interest. A germinating plant- 
let has been figured on Plate V, Fig. 1, where we see the two 
long-petioled cotyledons, the blades of which are ovate and 
almost obtuse (Fig. 2). There is no distinct hypocotyl,* but 
the primary root, which seems to commence immediately 
under the cotyledons, is strongly developed and shows a cer- 
tain ability of growth in thickness in this very early state. 
The end of the root is sometimes bifurcated and terminates 
suddenly in thin branches. The first leaf shows the general 
features of the final ones, but has merely a smaller number of 
divisions. A somewhat older state is shown in Fig. 3, where 
the primary root shows the characteristic tuberous form, while 


no secondary roots are yet developed. One of these is 


’ 


* ««Hypocotyl’’ has been used instead of the older term ‘* caulicle,’’ in ac- 
cordance with Darwin’s usage (The Power of Movement in Plants, 1881, p. 5), 
signifying the hypocotyledonous portion of the stem. 
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however, to be seen in Fig. 4, and shows the _ bifurcation 
mentioned above. There is to be observed a difference 
in regard to the roots and the foliage, if we consider the 
older, full-grown and flowering specimen, the rhizome and 
roots of which are shown in Fig. 5. The primary root is 
either no longer present or is not to be distinguished 
from the equally developed secondary roots. It is most 
probable that it has disappeared during the gradual growth 
of the plant. Another thing is the presence of a slender, 
thin, not at all tuberous root (r*), which proceeds from the 
rhizome at the very base of the stem. This part is covered 
with several (usually six) scale-like leaves, so that our plant 
has two different kinds of roots as well as of leaves. The 
roots are tuberous or slender and the leaves underground 
and scale-like or above ground and ternately compound. 


lhalictrum dtowcum. 


Two germinating plantlets have been figured in Plate V, 
Figs. 6 and 7, and show the presence of a distinct primary 
root (R), which already forms several lateral branches in this 
very early stage. The hypocotyl is frequently very short, 
and there is a wreath of rather long root-hairs at the base, 
where it passes into the root. The cotyledons, which are 
above ground, are long-petioled, with the blade varying 
from ovate and acute to broadly ovate and obtuse. The first 
leaf after the cotyledons has mostly the same form as the 
leaves that develop later. It is decompound, with the divi- 
sions cordate, obcordate or roundish. The primary root is 
not of long persistence, and is replaced by several sec- 
ondary ones, developed from the base of the stem, which can 
be seen on an older plant (Fig. 8). 

We have there a vertical stem, bearing several leaves, 
of which the lowest are from the previous year and 
faded. The internodes are very distinct, and at the two 
earliest, buds have developed, so that the complete rhi- 
zome is indicated as being vertical with ascending shoots. 
We see this final form of the rhizome in Fig. 9, drawn from a 
flowering specimen, which shows the relatively short under- 
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ground axis, upon which a large bud has been developed at 
the side of the base of the stem. This bud, so much larger 
than the other ones, of which four are visible in the figure, 
situated a little higher up on the stem, alternating like the 
leaves, in the axils of which they have been developed—this 
bud will produce in the following year a series of leaves and 
a flowering stem. The smaller buds will merely produce 
leafy shoots, of which one has been shown in the same figure, 
but it is to be supposed that they might be of a certain im- 
portance to the plant, if, for instance, the large bud should be 
injured, they might then replace it and get a further develop- 
ment, producing not only leaves but also flowering stems. 
The first leaves which are now developed upon these short, 


lateral shoots are merely scale-like. 


Ranunculus abortivus. 


Germinating plantlets of this species were exceedingly 
common during the month of April in shaded places in the 
woods, along the shore of the Potomac,in the vicinity of Wash- 
ington. They occurred abundantly, together with older 
plants, and were easily distinguished from other species by 
the characteristic shape of their leaves. Fig. 10 in Plate V 
shows a germinating plantlet, in which the cotyledons are 
elliptical, obtuse, shortly petioled and united at their bases, 
forming a sheath around the plumule. There is a distinct, 
straight hypocotyl (C), and the primary root (R) is long, but 
rather thin and not branched. The same is observed in re- 
gard to the secondary roots, which seem to have been devel- 
oped contemporarily, one at each side of the primary root. 
Only one leaf is developed at this stage, and its form accords 
entirely with that of the later ones, being reniform or some- 
times almost cordate. 

Another germinating plantlet, a little older, has been 
figured in Plate V, Fig. 11, merely differing from the last- 
mentioned in having an additional secondary root (r?), which 
has come out behind the primary one. Otherwise there is no 
difference, but as soon as the second leaf appears a great 
change will be observed in regard to the growth of this very 
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young plant. The hypocotyl now begins to be bent towards 
the ground, and another root-system will be developed. We 
see then in Fig. 12 that the hypocotyl is no longer straight, 
and that it shows the beginning of a young root (r*) at the 
base of the cotyledons, while the other roots still persist and 
even increase slightly in length. The first leaf has assumed 
its final shape and size, and another one (L?) has commenced 
to unfold. If we follow the further development of the seed- 
ling we shall see, in Fig. 13, that there are now two distinct 
and different systems of roots, the first consisting of the pri- 
mary and earliest developed secondary roots (r!-r2), the 
second consisting of two roots (r°—r+), the situation of which 
is below the cotyledons, or rather at the apex of the hypo- 
cotyl. The cotyledons are still green and attached to the 
stem, and four leaves have been developed. The primary 
root-system is now beginning to fade away, and is replaced 
by the second one, as may be observed in Fig. 14. Here the 
primary root has begun to die, the second ones next in the 
course of development have already faded, while the new set 
of roots is in rapid growth from the base of the young plant 
(r'-r5), being more or less thick, and some of them having 
several lateral branches. Three leaves (L'—L?*) have finished 
their growth and a fourth one (L*) has appeared. As soon 
as the plant has dropped the hypocotyl with the first system 
of roots it shows its final manner of growth, z. ¢., several 
leaves crowded at the base of the flowering stem, and the 
roots fibrous. 

This species should, according to A. Gray,* be biennial, 
but it is certainly perennial. For, if we consider the 
Fig. 15 on Plate VI, we shall see the rhizome and the base of 
an older plant, which is at least three years old. The plant 
does not flower during the first year, but forms only a number 
of leaves, while the following year the inflorescence appears. 
We see in Fig. 15 the persisting bases of the inflorescence 
(F") of a previous year (1889) and of some faded leaves, the 
plant then having attained an age of at least two years ; be- 


* Asa Gray : Manual of Botany of the Northern United States, 6th Edition, 
revised by Watson and Coulter, 1890. 











ee oe er ecee. 

















62 


sides this we see the base of another flowering stem (F), 
which has been developed this year (1890), and finally a 
young shoot (5S), which undoubtedly will produce a third in- 
florescence next year. This young shoot (5S in the Fig.) cor- 
responds to the young plant (Fig. 14), which is preparing to 
flower the following year, but with the difference that the last 
one (Fig. 14) contains the whole main axis, while the other 
one (S in Fig. 15) has been formed from a bud in the axil of 
one of the basal leaves of the older plant, and is then merely 
a lateral shoot on the main axis, now only represented by 
the very short rhizome. 


Ranunculus recurvatus. 


It was to be supposed that the germination of this species 
would be the same as described for the preceding one, R. 
abortivus, and it proves to be the case. There are, however, 
a few characters in which they differ, and these are easily dis- 
covered if we compare the drawing of &. recurvatus (Plate 
VI, Fig. 16) with that of RX. abortivus (Fig. 12). The number 
of secondary roots from the base of the hypocotyl is larger in 
R. abortivus than in &. recurvatus, the cotyledons have rather 
longer petioles in RX. recurvatus, and finally the young leaves 
are hirsute in A. recurvatus, whereas they are almost glabrous, 
or at least the blade is so, in 2X. abortivus. The margin of 
the leaves when young ts crenate in &. adortivus, but in the 
other species it is serrate or sometimes even three to five- 
lobed. The full-grown plant of A. recurvatus shows, how- 
ever, the same structure as do those of &. adortivus in regard 
to the short rhizome and the profuse development of fibrous 
secondary roots, while the primary root fades early, as does 
the hypocotyl. 

Delphinium nudicautle. 
The very peculiar germination of this plant has already 


been mentioned by several authors, and Bernhardi* has 
figured a similar case from a specimen of D. fissum W. K. 





* Bernhardi : Ueber die merkwiirdigsten Verschiedenheiten des entwick. 
Pflanzen-embryo. Linnaea, Vol. 7, 1832. 
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The principal difference from the usual manner of germinat- 
ing consists in the presence of a cotyledonar sheath, formed 
by the petioles of the cotyledons, which are connate, 
forming a long tube, at the base of which is a_ small 
slit for the penetration of the plumule (Plate VI, Fig. 18 Sl). 
The cotyledons are long-petioled, with the blade ovate, 
slightly acute at the apex, and the two blades show also a 
tendency to grow together at their very base, leaving only a 
minute opening in the middle, representing the superior end 
of the tube. In one case (Fig. 17) there were developed 
three cotyledons, of which the blades were all equal in size 
and each of which showed the same nervation, so that it was 
certain that no division had taken place. 

As to the primary root, this is relatively very large in the 
youngest state of the plant and shows early several lateral 
branches, which are densely covered with long root-hairs. 
Fig. 17 shows the first leaf coming out through the slit at the 
base of the tube. The cotyledons are persistent for a long 
time and do not fade away until four or even five leaves have 
been developed. The primary root is persistent as long as 
the plant lives, and increases gradually in thickness and ram- 
ification. 

SARRACENIACE/E. 
Sarracenia purpurea. 

Two germinating plantlets of this species were figured 
many years ago by Schnizlein,* and the figures show very 
exactly the part above ground: that is, the hypocotyl, the 
cotyledons and the first leaves, Further, in regard to the 
germination, Gray has described the cotyledons as being 
“short,” which is, however, not correct according to the fol- 
lowing observations, which have been made on numerous 
seedlings cultivated in the U. S. Botanical Garden. 

A very early stage of the germination has been figured 
on Plate VII, Fig. 23, where we see the rather long, linear 


cotyledons, carrying the testa of the seed at their summit, the 


* A. Schnizlein: Iconographia fam. nat. regni veget. 1843-46, Plate 185, 
Figs. 19 and 20. Asa Gray: Genera Flor. Boreali—Orientalis illustrata, 
vol. I, 1848, p. 108. 
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plumule, showing the first leaf (L'), coming out at the 
very base of the cotyledons, and borne on a distinct, straight 
hypocotyl (C), at the base of which is a wreath of long root- 
hairs; we see further the primary root, which is relatively 
short and unbranched. The whole germinating plantlet, 
except the root and the lowest part of the hypocotyl with 
the wreath of root-hairs, is now above ground, the testa of the 
seed is soon dropped and the cotyledons now spread out, 
being perfectly flat, green and entirely different from the later, 
the pitcher-shaped leaves. Fig. 25 shows a somewhat later 
state, where the first leaf has attained its full size and final 
shape, not differing essentially from the typical leaf of 
this species. It is an interesting fact that there are no 
transition-forms between this, the first leaf (Fig. 27), and the 
later ones. The hypocotyl is straight for some time, and the 
primary root grows slowly in length and does not show any 
ramification until later. The leaves now begin to develop, 
forming a dense rosette near the surface of the ground ; 
the cotyledons fade away, and, while the primary root 
has attained its final length, the secondary roots begin to 
grow at the upper part of the hypocotyl, just below the coty]l- 
edons. But before this stage, figured in Fig. 26, the plant 
has undergone some changes: the plumule, hitherto kept a 
little above the surface of the ground, has now gradually been 
moved downwards by the bending of the hypocotyl, a conse- 
quence of the zigzag direction of the primary root, which 
very soon disappears. By this mechanical movement the 
whole plant attains its final position in the soft mass of 
Sphagnum and is able to continue its growth and produce 
leaves and flowers. 
PAPAVERACE/E. 
Sanguinaria Canadensis. 

Germinating plantlets of this species were collected at the 
end of April in shaded places in the woods on the shore of the 
Potomac, where the plant occurs in great abundance. The 
seed germinates deep under ground, and the cotyledons never 
appear above the soil. They (Plate VII, Fig. 29) are oblong, 
obtuse, red and fleshy, and contain deep red juice like the 
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whole plant. The hypocotyl is relatively strongly devel- 
oped, swells very soon after the appearance of the first leaf, 
and represents the first stage of the rhizome that is developed 
later. The primary root is slender, rather long, and shows 
several ramifications. It is the only root during the first stage 
of the germination, but very often after the appearance of the 
first leaf one or two secondary roots break out from the base of 
the hypocotyl. Figs. 28 and 30 show two germinating plant- 
lets, and we see in these the somewhat swollen hypocotyl 
(C), the short-petioled, slightly curved cotyledons (Cot.), the 
slender primary root (R), and the development of one or even 
two secondary roots (r! andr?). The first normal leaf is 
long-petioled, like those of the full-grown plant, but the blade 
is entire, not palmately lobed, as is the case in the later ones. 
The form of the young leaves is nearly kidney-shaped, the 
margin more or less crenate and the nervation palmate ; they 
may, however, also show an almost heart-shaped form, but 
they are always palmately nerved. The first leaf next the 
cotyledons shows the principal character of the final leaf, and 
(as appears in Fig. 30) the next one shows the same. One 
or two leaves are then developed in the first year, and during 
the following winter the hypocotyl increases in thickness and 
forms a roundishtuber. It is interesting to follow the further 
development of the young plant, and we see early the next 
spring that a series of scale-like leaves precede the normal 
ones. Fig. 34 shows such a young plant, one year old, where 
l'-]4 indicate four scale-like leaves, which are alternately 
= biseriate. They are very thin, almost membranaceous, Cari- 
nate and uncolored. The fifth leaf, L*, is broadly heart- 
shaped, with the margin crenate. Inregard to the hypocotyl, 
this has, as mentioned above, become still more swollen than 
in the first year, and, while the primary root still persists, 
some secondary roots have developed, of which r’ and 
r? surpass it in length and thickness. These secondary roots 
are developed at different heights from the hypocotyl, above 
each other, and it was observed that they mostly break 
out on the same side, in which manner the hitherto vertical 
young rhizome is gradually forced into a horizontal direc- 
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tion, as in the mature plant. It is, however, to be ob- 
served that the number of scale-like leaves is far from con- 
stant ; there may be developed merely two or three, as shown 
in Fig. 33. The same course in regard to the development of 
scale-like leaves succeeded by normal ones is to be noted in 
the full-grown plant, as shown in Fig. 35, where six scale-like 
leaves precede the two normal ones and the flower. The 
shape of the full-grown leaf is palmately lobed, but it shows a 
great variation in regard to the number of lobes (three or 
nine) and also in regard to the depth of the sinuses. But it 
is a constant character, that, not only the normal leaves of the 
young specimens, but also the first or second ones, belonging 
to the lateral branches of the main subterranean stem, the 
large rhizome, are similar in shape, always heart or kidney- 
shaped, without lobation. I did not observe in any case that 
the normal leaves on the lateral branches were not preceded 
by scale-like ones, and Fig. 36, which represents a [ateral 
shoot, shows the presence of seven scale-like leaves, after 
which come two normal ones, L! and L?. The full-grown 
rhizome (Fig. 35) is rather long, cylindrical, and dies off 
gradually at its posterior end. Most of the roots are strong, 
sparingly branched above, and very long, especially those 
proceeding from the inferior part of the rhizome. In regard 
to the whole growth of the rhizome, this has been shown to 
be sympodial by Mr. Foerste in his interesting paper, 
“Notes on Sanguinaria Canadensis,’* where he has also 
mentioned the singular case of the occurrence of a two- 
flowered scape. 
VIOLACEE. 


Viola palmate, var. cucullata. 


The germinating plantlet of this species (Plate VIII, Fig. 
37) shows the long-petioled, ovate cotyledons, the distinct 
hypocotyl (C), the unbranched primary root (R) and the two 
secondary ones (r'), which have been developed at the same 
time. There is a great difference between this early state and 








* Bulletin of the Torrey Bot. Club, Vol. XIV, No. 4, 1887. 
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the final development of the plant, even if it is quite easy to 
trace the later transformations of some of the organs. 

A few weeks after this first state, and while the cotyle- 
dons still persist, the hypocotyl commences to increase in 
thickness, as shown in Fig. 41, and the roots tc form branches ; 
the first leaf (L') has come out, is cordate and crenate, which 
is characteristic of this variety. By continuation of growth 
the hypocotyl has now been transformed toan obconical body 
(Cin Fig. 40), which is crowned by the swollen bases of the 
two leaves (L' and L?2), while the root-system has under- 
gone no change in regard to the further development of 
secondary roots. The cotyledons have dropped, leaving a 
semi-lunate scar at the upper part of the hypocotyl, which 
is shown in Fig. 38. Plate VIII. 

The structure of the rhizome is now indicated, being 
fleshy and almost toothed, the teeth representing the swollen 
base of the successively dropping leaves. This may be seen 
in Fig. 39, which shows the rhizome of a plant one year old, 
where the primary root still persists, although it has partly 
faded. The secondary roots (r') are unchanged, and we see 
another pair of roots developing a little above them, between 
the scars of the cotyledons, and alternating with the older 
pair (r'). Five teeth are visible in this figure and show their 
origin very distinctly, the base of the petiole. The rhizome 
of this specimen was vertical, but it gradually becomes 
almost horizontal, creeping under the surface of the ground. 
We have then a strongly developed rhizome before us, of 
which the leaves are not scale-like, but perfectly normal 
and densely covering the rhizome. The persistent bases of 
the petioles and stipules contain a large quantity of starch. 


LEGUMINOS/E. 
Les pedeza violacea. 


Fig. 43 on Plate IX shows a germinating plantlet of this 
species, where we see a long primary root, carrying a few 
tubercles, especially upon the lateral branches. The cotyle- 
dons are short-petioled, obovate and obtuse, and the hypo- 
cotyl is straight and very distinct. The first leaf is unifoliolate, 
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while the later developed ones are trifoliolate, but with the 
leaflets of the same shape as the first one. That the primary 
root is long persistent is to be seen in Fig. 44, which rep- 
resents the rhizome of a flowering plant. The tubercles are 
also especially to be observed here on the lateral branches 
of the root, and we see further the short, ascending rhizome, 
merely consisting of the lowest part of the stem, from the 
base of which buds are developed, forming the prostrate, 
decumbent branches. 
Lespedeza procumbens. 

In regard to germination this species differs a little from 
the above-mentioned one in having the first leaves, next the 
cotyledons, opposite. They are unifoliolate, with the leaflets 
broadly cordate and pointed, while these in the final leaves 
are obcordate, with the apex retuse (Plate IX, Figs. 45,46). The 
first two or three leaves next to these show the same shape, 
but are alternate. The whole germinating plantlet otherwise 
much resembles that of Z. «vo/acea, as regards the shape of the 
cotyledons, the development of the hypocotyl and _ the 
primary root. The rhizome of the full-grown plant (Fig. 
46) agrees entirely with that of Z. vzolacea. 


Clitoerta Mariana. 


There are a few points of interest which may be men- 
tioned in the germination of this plant. The hypocotyl is 
rather long, straight and pubescent, while the cotyledons, 
which are sessile. ovate and obtuse, are perfectly smooth. 
The first two leaves, next above the cotyledons, are opposite, 
ovate and acuminate, and the primary root is slender, with 
several thin branches, but destitute of any tubercles. 
There is quite a considerable difference between a germinat- 
ing plantlet of this species (Plate IX, Fig. 47) and of that of 
C. ternatea, which has been figured by Lubbock.* In this 
species, the cotyledons are more obtuse, and the first leaf 
after them is already trifoliolate. 

As to the full-grown plant of C. A/arzana, the leaves are 





* Sir John Lubbock : Phytobiological Observations, Journal of Linn. Soci- 


ety, Vol. XXII, 1887, p. 355. 
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trifoliolate, with the leaflets ovate and obtuse. There is a rather 
short rhizome (Plate X, Fig. 49) with a strongly developed 
and persistent primary root (R) upon which no tubercles 
were observed. 
Cassia Chamaecrista 
and C. nzctztans L. show the same manner of germinating as 
represented on Plate X, Fig. 50, where a seedling of C. Cha- 
maecrista has been figured. The only difference between these 
species during the germination period is that C. Chamaecrista 
is larger in all details. The cotyledons are above ground, 
sessile and roundish, borne on a hypocotyl which is not very 
long. The primary root is long and slender, and shows at 
this very early stage the small tubercles, which are so 
characteristic of most of the Leguminosz. Lateral roots 
have been formed, but these are as yet rather short. The 
plumule has developed an erect stem, of which all the leaves, 
even the first one, show the same shape as the later ones, 
being pari-pinnate and minutely hairy along the margin of 
the leaflets. 
ROSACEAE. 
Rubus hispidus. 


Fig. 51 on Plate X shows a germinating plantlet of this 
species, and we see there the two short-petioled, ovate and 
obtuse cotyledons, borne on a distinct hypocotyl. The pri- 
mary root (R) is slender and shows several lateral branches, 
while no secondary roots are as yet to be observed. The plum- 
ule has developed a glandular-hairy stem and carries a few 
nearly reniform leaves, which show the same glandular hairi- 
ness as does the stem. The leaves are serrate in this very 
early state, and no other form of leaf will develop even in 
the next year. Fig. 52 represents a plant two years old, and 
shows approximately the same shape of the leaves, with the 
exception that the blade is proportionally narrower and 
acuminate, a form which is very different from that of the 
leaflets of the final leaves. We further see in this figure the 
persistence of the primary root, and a very short rhizome, 
from which three secondary roots have been developed. 
St. is the main stem, which is much longer than the second- 
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ary one, St.2, which has been developed from the axil of the 
first leaf. The whole plant was glandular-hairy, like the 


cerminating plantlet. 


Potentilla Canadensis. 

The cotyledons of this species are entirely under ground, 
short-petioled, with the blade ovate and rather fleshy. The 
hypocotyl is short and covered with minute glandular hairs, 
as are also the cotyledons, and the primary root is strongly 
developed, long, and branched atan early stage. This is to be 
seen in Plate X, Fig. 53, where we also see the rapid develop- 
ment of the plumule into an axis, which is runner-like, ascend- 
ing with several leaves, of which the first one differs from the 
final one in being almost kidney-shaped, with the margin 
coarsely serrate; the other leaves are palmately trifol- 
iolate. 

When the plant has attained its full growth, a rhizome is 
to be observed, which is often tuberous and with the primary 


root still persisting (Fig. 54). 


SAXIFRAGACE AS. 
Saxrtfraga Virginiensis. 

The seed of this species germinates early in the month 
of March, and the germinating plantlet is especially charac- 
terized as having short-petioled and broadly ovate cotyle- 
dons, which are above ground, a distinct, erect hypocotyl, 
and a long, filiform primary root (Plate X, Fig. 55). When 
the leaves begin to unfold the hypocotyl bends downward to 
the ground after having developed two or three secondary 
roots that very soon surpass the primary one. The first leaves 
are broadly ovate or elliptic, sparingly hairy, with stellate 
hairs on the upper surface of the blade, and the petiole is 
slightly pubescent (Figs. 56 and 57). When the plant 
grows older, the primary root disappears entirely and is re- 
placed by several secondary roots, and in Fig. 58 we see the 
beginning of the formation of the very short, vertical rhizome 
that is provided with a few roots and is represented by the 


superior part of the hypocotyl. Five leaves were developed 
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on this specimen (Fig. 58), of which the three oldest showed 
the same form as the ones mentioned above (Figs. 55-57), 
while the two younger were almost cuneate and bidentate, 
pubescent on both surfaces as well as on the petiole. The 
plant now continues its growth in this manner, develop- 
ing a leafy rosette upon the apex of the short rhizome, and 
some buds will also develop in the anils of these leaves, so 
that the rhizome finally will carry a crown of leafy rosettes, 
some of which will contemporarily produce flowering stems 


in the following years. 


DROSERACE AE. 
Dionaea muscipula. 


The very first stage of germination, figured on Plate X, 
Fig. 60, shows the development of the primary root, which is 
densely covered with blackish hairs, especially at its upper 
part where it joins the hypocotyl. For some time the testa 
of the seed is carried by the apex of the cotyledons, but after 
it drops off the cotyledons spread a little (Fig. 61), and 
the plumule begins to form the first leaves. These, even 
the first one next to the cotyledons (Plate XI, Fig. 62), show 
the characteristic shape and peculiar function which has made 
the plant one of the most interesting in the world. The 
germinating plantlet can now be characterized as having nar- 
row lanceolate cotyledons, a distinct hypocotyl anda relatively 
short, blackish-hairy primary root. While the leaves begin to 
develop in the form of a small rosette, the growing point is 
moved from its original place between the cotyledons to out- 
side these, as has been shown in Fig. 63. At this point the 
first secondary root is developed just below the foremost part 
of the horizontal, now creeping axis, and it is already indi- 
cated how the plant will continue its growth. A distinct 
horizontal rhizome will be developed, which is very easily 
seen in the older plants, of which one is figured in Fig. 64, 
while Fig. 65 shows a longitudinal section of the same speci- 
men. The fresh leaves form a rosette, as has been described 
by various authors, but it is by no means correct to call the 
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plant ‘‘acaulescent,” as do for instance A. Gray,* and Ben- 
tham and Hooker.t 

While Fig. 63 shows the plant at a very early stage, with 
a small rosette of green leaves and the beginning of a creep- 
ing rhizome, indicated by the position of some of the leaves 
outside the cotyledons, together with the development of a 
secondary root at some distance from these, Fig. 64 illus- 
trates in the older specimen the true rhizome, creeping with 
rather thick, short and still unbranched roots, with the base 
of the leaves of the previous year still persisting. The inter- 
nodes of the rhizome are, when young, exceedingly short, and 
it looks therefore as if the leaves formed a true rosette—that 
is, as if they were arranged alternately upon a short, erect 
axis with the blades spread out horizontally as, for instance, 
in Drosera rotundifolia, instead of upon a decumbent, creep- 
ing stem. 

The bases of the leaves are, as mentioned above, persistent 
for a long time, whereas the faded blades disappear very soon, 
and it has been observed that a large quantity of starch is 
deposited here. The leaves of Dzonaea have then a double 
function in being organized for the purpose of capturing and 
devouring insects, after which they serve as reservoirs, which 
contain quite considerable deposits of starch, as do the fleshy 
bulb-scales of many monocotyledonous plants. 


UMBELLIFERAE. 
Thaspium barbinode. 


The cotyledons are like those in most Umbellifera, that 
is, above ground, and long-petioled with a lanceolate blade. 
The hypocotyl is here either very short or, what seems to be 
the most common case, entirely wanting. The primary root 
is, on the contrary, strongly developed, thick and only spar- 
ingly branched. No secondary roots are developed during 
the first year and probably not in the second. Fig. 66 
(Plate XI) shows a germinating plantlet, the plumule of which 

* A. Gray: Gen. Ill. vol. I, p. 196. 
+ Bentham and Hooker: Genera plant. 






















































73 


has already developed two leaves that show in general features 
the shape of the final ones, but they have a smaller number 
of divisions than the later ones. We see in Fig. 67 an abnor- 
mal case, where three cotyledons have been developed, but 
the seedling does not differ in other respects from the above- 
mentioned description of this (Fig. 66). The young plant will 
continue its growth in that manner, the primary root will 
gradually attain the shape of a so-called tap-root (Fig. 68), 
while the proper rhizome will show merely a short, nearly 
subterranean axis, upon which leaves will develop until the 
inflorescence terminates the main axis, after which the plant 
will be renewed by the development of buds in the axils of 
the basal leaves. <A full grown plant has several shoots 
upon the rhizome, at the base of the flowering stem, and 
beside the primary root a few secondary ones were observed 
which were almost the same size. 
lThaspium aureum. 

This species agrees in most respects with the one above 
described, the only difference being in the shape of the leaves. 
Fig.69 in Plate XI shows a germinating plantlet, of which 
the cotyledons and the primary root show the same develop- 
ment as in /. barbinode. The first leaf, on the contrary, 
has not any separate division, but is almost entire or slightly 
five-lobed, with the margin sharply serrate. 

Osmorrhiza longtstyles. 

The germinating plantlet (Plate XI, Fig. 70) has a 
strongly developed primary root, but the hypocotyl is rather 
inconsiderable. The cotyledons are long-petioled, with linear 
blades, and are entirely above ground. The first leaf shows 
relatively the shape of the final ones, with the exception that 
it is smaller and has only three divisions, the shape of which, 
however, accords in many respects with that of the later leaves. 
It is to be noted that the form of the divisions of these decom- 
pound leaves, ‘ broadly ovate, with the margin serrate,” is 
not the only one which occurs in this species. We shall see, 
at a later stage of development (Fig. 71), where the cotyledons 
have dropped and where the leaf (L') shows a somewhat 
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different form in regard to the divisions. These are more 
compound than those of the first-mentioned specimen, and 
the divisions are not ovate, but cuneate, with the margin 
sparingly dentate. Another circumstance is that, while the 
final leaves are densely pubescent, this leaf is almost glabrous. 
The specimen figured in Fig. 71 is one year old, the 
primary root has increased in length and thickness, and has 
developed several long, filiform lateral roots. A _ rhizome 
(Rh.) is already formed, and it consists of the short internodes 
of the first year, carrying the above-mentioned leaf (L') and 
two other ones of which the second shows the same shape 
as L', while the third one has the normal form, described 
above. It is therefore shown that the first leaves in the 
second year of the life of the plant are different in form from 
the later ones, a fact which seems to be constant. 

We see, if we examine a full-grown plant, that the leaves 
show the same different aspect in regard to the size and shape 
of the divisions, and it is always the leaves that are the first 
to develop in the spring which have the smallest and almost 
cuneate divisions. In regard to the rhizome, this is vertical 
and rather short, carrying several small buds, which will 
develop leaves in the following years. The primary root 
persists, as it seems, as long as the plant lives, and 
several secondary roots are developed from the base of the 
rhizome, some of which are thick and similar to the primary 
root and contain a large deposit of starch, or they are thin, 
very strong and much branched like the common roots. It is 
to be noted, in regard to this plant, that it seems as if it had 
been hitherto overlooked, that it has dimorphous leaves, a 
character which ought to be mentioned in the diagnosis of 
the species. 


Sanicula Marylanadica. 


The cotyledons are long-petioled, with an ovate-lanceolate 
blade, which is short-pointed (Plate XI, Fig. 72). The hypoco- 
tyl is straight, well developed, asis alsothe long and slender 
primary root, which is shown in Fig. 73. These are the fea- 
tures in general for the primary stage of development, but 
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the plant will gradually undergo’rather considerable changes. 
The next stage will be (Fig. 74) where the leaves have com- 
menced to come out, and this drawing was made from a plant 
two months older than the first one described (Fig. 73). We 
now see that the hypocotyl has been bent and is lying upon 
the ground. The primary root persists, but has now begun 
to fade away. Another root-system is formed at this time, 
consisting of two strong, secondary roots, which proceed from 
the bases of the cotyledons, which have fallen away. These 
roots are very long, sparingly branched and rapidly sur- 
pass the primary one in length and thickness. We there- 
fore have an umbelliferous plant, where the roots at an early 
stage are all secondary, while commonly in this order, as it 
seems according to descriptions, the primary root persists for 
a long time or even during the whole life of the plant. The 
rhizome of the full-grown plant is very short, merely repre- 
sented by an exceedingly short, vertical axis, upon which 
buds are at length developed, producing for several years 
leaves and flowering stems. 


ARALIACE. 
Aralia spinosa. 


The seeds of this tree did not germinate for about eighteen 
months after they had been sown, and the young plants all 
showed the peculiar fact, that the cotyledons were unequal 
in size and shape. The one had the common form of a coty- 
ledon, being oblong and obtuse with the margin entire, while 
the other one was smaller and ovate, with the margin serrate. 
That is, however, the only thing which characterized the 
germinating plantlet of this species (Plate XI, Fig. 75). The 
primary root was not very strongly developed and showed 
only two lateral branches, the hypocotyl was rather long and 
the first leaf next the cotyledons showed approximately the 
same shape as the final ones, but had only three leaflets. 


URTICACEE. 
Pilea pumila. 


The typical shape of the leaf of this species is broadly 
ovate, with a long point and a coarsely serrate margin, a form 
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which differs very much from that of the first two pairs of 
leaves of the germinating plantlet (Plate XII, Fig. 82). We 
see in this figure that the first pair of leaves, next the cotyle- 
dons, are ovate, but with the margin perfectly entire and the 
apex obtuse, while the next pair (Fig. 83) show a slight 
lobation, with a long middle-lobe, forming the transition to the 
serrate margin and the long point of the final leaves. The 
cotyledons are long-petioled, with the blade broadly oblong 
and the apex slightly retuse; the hypocotyl is straight and 
long, and the primary root, which is slender, shows several 
ramifications. 
PALM /:. 
Sabal Palmetto. 

The fruit of this genus, which belongs to the tribe Cory- 
pheae, is a black, monospermous, dry berry. The albumen 
is cartilagineous and the apex of the cotyledon is_trans- 
formed to a conical spongy body, closely imbedded in and 
absorbing the albumen. When the germination begins, 
the thick, conical primary root penetrates the pericarp and 
carries the plumule along with it. The plumule is, however, 
not visible at the very early stage of germination, figured on 
Plate XIII; Fig. 84, but is enclosed by the base of the cotyl- 
edon, which is represented here by two clearly differentiated 
parts, the above-mentioned conical spongy apex, enclosed by 
the albumen, and the free cylindric base. A short time later 
—that is, after one or two weeks—the anterior part of the 
base of the cotyledon begins to show a small protuberance, 
which quite rapidly grows outward towards the surface of the 
sround, attains a length of one inch or even more, and be- 
comes at last ruptured by the penetration of the plumule, and 
forms a cylindrical closed sheath around it. The first leaf 
alternates with the cotyledon, is whitish, scale-like and partly 
sheathing, and encloses the base of the next leaf, which is 
green and lanceolate in shape. As to the primary root, this 
dies off very soon, almost simultaneously with the appearance 
of the second leaf, and forms a thickish, conical body, entirely 
destitute of ramifications. Fig. 86 shows a young plant, 
where the fruit has disappeared, together with the en- 
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closed and the free part of the cotyledon, with excep- 

tion of the still persisting sheath (Sh. in the figure), around 

the base of the leaves. The first leaf (l') is almost faded. 

The second one (L') is rather large, lanceolate and shows 

the longitudinal foldings, which are so characteristic of the 

first leaves of most of the palms. A third leaf (L?) has come 

out and is of the same shape as the second, and will be 

followed by several others, similar in form, before the normal, 

fan-shaped leaves appear. We see further in this same plant 

Sd that two secondary roots have been developed a little above 

the primary one, and these are growing rapidly in length 
and have a great tendency to ramification. 

Closely allied to this genus is Nannorhops Ritchieana, 
Griff., from Asia, of which some fruits were sown at the same 
time as those of Saéa/. The germination accords nearly with 
that of Sada/, but there is, however, a difference in regard to 
the further development of the primary root. Plate XIII, 
Figs. 87-91, illustrate the germination of this plant, and in 
these figures is shown the gradual growth of the primary 
root. It grows much faster than the sheath of the coty- 
ledon can’ be formed, and is not destitute of lateral 
branches, as was the case with Sada/._ Fig. 90 shows a later 
stage of development, where the first two leaves have come 
out and are surrounded by the sheathing part of the cotyle- 
don, as in Saéa/, but the primary root has not yet faded away, 
but, on the contrary, it continues to grow. At a still later 
state, figured in Fig. 91, where in all three leaves have been 
j . developed (l', L' and L#?), it seems to have stopped its 
| growth and commences to swell at the lower extremity, while 
the lateral branches continue their growth. The first second- 
ary root is to be seen in this same state; it surpasses the primary 
one and has numerous ramifications. The fruit was. still 
attached to the plantlet, but in the most essential details the 
germination did not show any great differences from that of 
Sabal. 


Attalea excelsa. 
The apex of the cotyledon has the same shape and position 
as described for Sada/, but the basal part seems to be rela- 
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tively longer in this plant. It does not appear that more 
than one of the seeds in each fruit germinates, at least not 
cenerally, but this happens occasionally, however, and was 
observed in one case where two germinating plantlets were 
developed from the same fruit. Fig. 92, in Plate XIII, shows 
an early state of the germination, and we see there the cylin- 
drical, free part of the cotyledon, of which the extremity is 
somewhat swollen and contains the plumule, as in Fig. 93, 
which represents the same specimen, divided longitudinally. 
We see further a short-pointed, conical tip below the plumule, 
from where the primary root will come out. One month later 
the plumule appears, and the base of the cotyledon forms a 
sheath around it similar to the one described in Saéa/ and 
Nannorhops. The first leaf (l.! in Fig. 94) is whitish, almost 
tubular and alternates with the cotyledon. At the same 
time the primary root has further developed and shows 
several lateral branches, but no secondary roots have appeared. 
It is now to be pointed out that the primary root attains a 
very advanced development, not only in regard to length, 
but also as to its ramification. We have then two scale-like, 
sheathing or rather tubular leaves, preceding the green or 
first assimilating leaf, which, as shown on Fig. 95, is broadly 
lanceolate and folded, as is characteristic in the Palm Family. 
This figure (Fig. 95) has been drawn from a specimen seven 
months older than the one above described. The fruit has 
now become separated from the young plant, and there is 
left only the partly faded, fibrous base of the cotyledon. The 
first and second leaves (1' and |?) are also beginning to fade, 
and no other root has been developed beyond the primary 
one, which continues its growth in length and with the lateral 
branches increasing in number. 


CYCLANTHACEAE. 

Carludovica palmata. 
Belongs to the tribe ‘“* Carludovicex,” of which the seed has 
a very copious albumen. The cotyledon is fusiform (Plate 
XIV, Fig. 96) and is entirely enclosed in the seed during the 
germination, excepting the foremost part, the very base 
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which encloses the plumule and later forms the sheath around 
it. The primary root (R) is the first part of the seedling 
which becomes visible, and grows rapidly out, although not 
attaining any considerable length. It is hairy above and 
entirely unbranched. Fig. 96 represents the germinating 
plantlet, where the above-mentioned parts are visible besides 
the two first leaves, the first of which alternates with the 
cotyledon and is broadly lanceolate, three-nerved and with a 
sheathing base. The next stage of the germination may be 
seen in Fig. 97, which shows the appearance of a third leaf, 
the continued growth of the root, and finally the forma- 
tion of a very short, but distinct epicotyl between the 
cotyledon and the first leaf. No secondary roots have 
come out yet. A few weeks later the young leaves are fur- 
ther developed (Fig. 98), the second and third (L?2 and L3) 
being ovate, pointed, five-nerved and with the base partly 
sheathing. The fourth leaf (L+) has come out, and, in regard 
to the root system, we see that a secondary root (r') has been 
developed from the epicotyl, and only a little above the 
primary one, which has attained its full size, while the other 
one grows rapidly and has already surpassed it in length. 

In a later stage (Fig. 99) the plant has dropped the coty- 
ledon and thereby lost its character as a germinating plantlet. 
The primary root still persists and another secondary root 
(r2) has been developed at the base of the first leaf (L') and 
opposite the first root (r'), both of which are still unbranched. 

This is the general course of the growth of this plant, it 
being exceedingly short-stemmed, with all the roots confined 
to the base of the stem, which is entirely under ground. The 
leaves gradually change their shape from ovate and sheathing 
to fan-like and long-petioled. 


AMARYLLIDEE. 
Agave univittata. 
The seed germinates in the ground and the primary root 
is the first organ that develops. It is densely covered with 
root-hairs, especially at its upper part, and does not show any 


tendency to ramification for a considerable time. Fig. 100 
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shows an early state of the germination, and we see here the 
primary root (R), the hypocotyl (c) and the long, cylindrical 
cotyledon, bent and forming an acute angle, of which the apex 





is still enclosed in the seed. It will be so for a short time, 
after which it gradually lengthens, lifting the testa of the seed 
above ground, as shown in Fig. 101. When the testa of the 
seed drops the free summit of the cotyledon shows a some- 
what faded aspect (Fig. 102), and at this time the plumule 
commences to appear through a slit (SI), which has been 
visible for some time at the base of the cotyledon. The coty- 
ledon is then green, and is of almost the same shape as the 
first leaves, except that the apex soon fades away. 

The hypocotyl shows an axis at a very early stage of the 
development of the young plant, while the following inter- 
node is exceedingly short, until at last the long-stemmed 
inflorescence terminates the main axis. 

kucharts candida. 

In this species when the seed germinates the primary root 
is the first to appear and grows out quite rapidly. The apex 
of the cotyledon is imbedded in the albumen and never be- 
comes free, while the base forms an aimost tubular body, 
enclosing the plumule, as shown on Plate XIV, Fig. 103. At 
a later stage (Fig. 104) the first leaf has come out and alter- 
nates with the cotyledon, is long-petioled, with the blade 
elliptic, tapering at both ends like the final leaves of this spe- 
cies, and we see further the development of the first secondary 
root. The primary root still persists and shows, like the sec- 
ondary one, a distinct wrinkling in the upper part, the cause 
of which will be mentioned later. The base of the cotyledon 
has increased in thickness and shows an opening above, 
through which the first leaf has come through, and the whole 
base shows the beginning of the formation of the bulbous 
rhizome of the plant, the sheath of the cotyledon persisting 
for a long time and representing the first bulb-scale. 

LILIACE/E. 
Smilax rotundifolia. 

The material, which has been examined to illustrate the 

germination and the formation of the rhizome of this plant, 
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was collected in the large Smilax thickets which so com- 
monly occur in open places in the woods along the shore of 
the Potomac, and in spite of the great similarity that exists 
between several of the woody species of Smilax when young, 
these plants showed a few characters which were sufficient to 
distinguish them as belonging to the species ‘* S. rotundt- 
folta.” 

In regard to the structure of the rhizome of the whole 
genus Smilax, it is remarkable to see how few observations 
have been made, and, with the exception of the two species, 
S. Pseudo-china, L. and S. hispida, Muhl., none of the other 
North American representatives have been examined with 
reference to their rhizomes. Another fact is, that there seems 
to be a certain kind of variation in the young foliage of this 
species, which it might not be superfluous to describe in con- 
nection with the germination and the structure of the 
rhizome. 

Turning to the examination of our species S. rotundifolia, 
the seed germinates deep in the ground for a long time with 
the fruit attached, Plate XV (Fig. 105). There is a distinct, 
sheathing cotyledon, as shown in Fig. 106, where the upper 
part of the cotyledon has been removed from the albumen in 
which it was closely imbedded. Besides this enclosed part 
there is to be observed a free one, which is the base, and 
which forms a sheath around the plumule. 

There is also a hypocotyl (c in Figs. 105-107) more or 
less developed, but never wanting, as it seems, according to 
the numerous seedlings which were examined. The primary 
root is rather slender, branched at an early stage, and persists 
for at least the first year. The plumule, after having penetrated 
the cotyledonar sheath, develops an ascending stem, the first 
one to three leaves of which are under ground, scale-like and 
partly sheathing. After these leaves the normal ones appear, 
and diverge more or less from the typical shape, which 
has been described as ‘* ovate, or round-ovate, and slightly 
heart-shaped ” for this species. 

These are the general features of the germinating plantlet, 
and we shall nowsee howthe rhizome commences to develop. 
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Several seedlings were collected in the stage figured in Fig. 
108, which shows the base of the young plant, and we see 
that the fruit with the apex of the cotyledon has dropped, 
while a swelling has taken place at the base of the stem and 
inside the persisting sheath of the cotyledon. This is due to 
the presence of a conical bud, which has been formed in an 
earlier state (Fig. 107), but has now grown farther out, having 
attained quite a considerable size in the stage of growth fig- 
ured in Fig. tog. The place of this bud isin the axil of the 
cotyledon, just at the back side of the main axis, as is shown 
in Fig. 107. This bud seems most frequently to develop into 
a tuber (Fig. 111), and it is to be pointed out that the apex of 
the bud will gradually bend downwards so that the axis of 
the tuber describes a horizontal direction. The first leaf upon 
this tuber turns its back towards the main anis, as does the 
first leaf upon each secondary branch in most monocotyledon- 
ous plants. This fact is especially to be seen in Fig. 110, 
where the bud has not formed a tuber, but has developed im- 
mediately an ascending branch, at the base of which we see 
the adorsed scale-like leaf, the ‘‘prophyllum,” while the 
remaining sheath of the cotyledon is to be observed at Sh. 
and the main axis at A. In regard to the root-system, the 
secondary roots are growing out already in the first year 
(Figs. 108, 110, 111); they are thicker than the primary root, 
whitish and merely sparingly branched. Théy have been 
developed from the upper part of the hypocotyl, the first one 
regularly on the anterior face of the germinating plantlet, just 
below the slit of the cotyledonary sheath. In Fig. 111 we see 
the beginning of the formation of the rhizome and the slight 
difference due to the relative size between the young rhizome 
and that of an older plant, shown in Fig. 112. We see in 
this last figure the full-grown rhizome, which is relatively 
short, horizontal, tuberous and provided with several strong 
roots. The base of the ascending stems is more or less 
tuberous, covered with scale-like leaves and very often root- 
ing at the nodes. The youngest part of this rhizome shows 
a comparatively large tuber with an ascending stem (1), 
which will eventually produce leaves and probably also 


























flowers the same year. The base of two other stems are to 
be seen at 2 and 3, indicating their rank in regard to their 
time of development, No. 3 being the older one, and these 
stems carried several leaves which had persisted over winter. 

The three other basal parts (Nos. 4, 5 and 6) were the 
only remaining parts of old faded stems, and the probable 
age of the whole plant was at least six years. Only one stem 
had been developed each year in this specimen, but the period 
necessary for the formation of the tubers (say, for instance, the 
younger one, which was relatively longer than the other 
ones and was covered with about three scale-like leaves) is 
uncertain. 

As regards the foliage of S. rotundifolia, as already re- 
marked above, there seems as if there were quite a consider- 
able variation even in the same specimen. The form, indi- 
cated as typical for this species, should be, according to De 
Candolle (I. c.), ‘ limbi ovati vel ovales, basi subcordati, 
obtusi vel prope petiolum cuneati, apice (in eodem ramo) 
sepius acute cuspidati vel acuminati, et interdum obtusi.” 
The most characteristic feature of the leaf, when the question 
is to distinguish it from Other species, for instance, S. ¢/auca, 
with which the young specimens showed a great resemblance, 
is the minutely dentate margin. As regards this character it 
accords, however, with S. Azspzda, Muhl., but the leaves of this 
species show from seven to nine nerves, whereas there are 
not more than five to seven in S. rotundifolia. Vhe consist- 
ency of the leaf is also different, as the leaves of S. rotund- 
folia are thick, almost coriaceous, in contrast to the leaves in 
S. hispida. 

We will shortly consider the leaves of S. rotundifolia, 
hgured on Plate XV, which have been taken from a full- 
grown plant, or from very young specimens, the ages of which 
were only one year. 

The leaf in Fig. 121 shows the typical form, while the 
other one (Fig. 122), which has also been taken from an older 
plant, is more elongated and tapers gradually to the pointed 
apex. We find this form again in Fig. 113, which shows the 


youngest leaf of a one-year-old plant. In Fig. 114 we see 
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another leaf which belonged to the same branch of the above- 
mentioned plant, but was the oldest one, and the shape of 
which is approximately cordate. The broadly roundish cor- 
date form is represented in the leaf in Fig. 119, which leaf 
was succeeded by the regularly heart-shaped one shown in 
Fig. 120. This, the roundish and more or less cordate form, 
seems to be the most common one in the young plants, but 
we might also find the more ovate and sharply pointed form, 
as, for instance, in the leaves (Figs. 116-118), all of which 
belonged to the same branch of a very young specimen, I16 
being the youngest and 118 the oldest one. There is then 
quite a considerable variation in the foliage in this species, so 
that forms might occur more or less approaching those of the 
above-mentioned species, S. g/auca and S. hispida. We have 
accordingly to take refuge in the structure of the leaf, and it 
seems that some characters are to be found here. The ana- 
tomical difference must now be looked for in the presence or 
absence of stomata and in the undulations of the cell-wall of 
the epidermis. The epidermis of S. ¢/auca, taken from the 
superior face of the leaf, does not show stomata, while in the 
two other species stomata were present and not in small num- 
bers. The number of the cells surrounding the stomata was 
nearly constantly two in S. szspzda and four in S. rotund- 
folia. .The relative size of the epidermis cells was also some- 
what different, and, while the undulations were the same in 
S. glauca and S. rotundifolia, the cells of S. glauca were pro- 
portionally larger than those of S. rotundzfolia. In S. hispida 
the cell-walls showed merely a very slight undulation, and 
the size of the cells was almost the same as in S. glauca. If 
we were to examine the epidermis from the inferior surface of 
the same leaves, we would find stomata present in great num- 
bers, and equally so in all three species. The undulations of 
the cell-wall were slighter than those described for the upper 
surface, especially in S. Azspida, in which the cells showed a 
rectangular or rhombic form. 
Smilax glauca. 
A germinating plantlet of this species, figured on Plate 
XV, Fig. 123, resembles very much that of S. rotundtfolia, 
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described above, the only difference being that the margin of 
the final leaves of S. ¢/auca is entire and never toothed, as in 
the other species. Otherwise the structure of the cotyledon, 
the primary root, the presence of a hypo- and epi-cotyl and the 
scale-like shape of the first three to five leaves agree entirely 
with what we have seen in S. rotundifolia. In regard to the 
development of the rhizome there seem, however, to be some 
slight differences, by which the underground parts of these 
two species, at least at a later stage, are to be easily distin- 
cuished. 

The rhizome of S. glauca, figured in Figs. 124-126, is 
strongly tuberous and consists of a chain of tubers, due to 
the swelling of the short internodes of the subterranean stem, 
and in such a manner that each tuber represents from three 
to four internodes, the leaves of which are scale-like and very 
broad. From each tuber proceedsa stem, of which the lower 
leaves are scale-like and partly sheathing. The direction of 
the stems is ascending, and after having reached the surface 
of the ground the final leaves will replace the scale-like 
ones. 

The whole rhizome shows a great similarity to that of 
Poly gonatum, excepting that the stems exist for several years. 
Fig. 124 shows the rhizome of a younger specimen. Only two 
stems have been developed, of which a is of this year’s 
growth, not having yet penetrated the ground, while the other 
one, 6, in the figure, represents the base of a stem that is evi- 
dently three years old. The rhizome itself is horizontal with 
cylindrical internodes, whitish, and does not emit any large 
number of roots. They, the roots, are rather few and are 
especially developed from the inferior part of the tuber. The 
larger rhizome, Fig. 126, is from an older plant, and we see 
here three tubers and altogether three stems of different ages. 
The course, in regard to the whole development of the tubers 
and the stems, is, however, the same as shown above for the 
younger specimen (Fig. 124). It is to be observed very dis- 
tinctly in the older specimen, that the stems are supported by 
the subterranean scale-like leaves of the tubers, and we see, 
for instance, in B a small wart-like body, which is a bud, 
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eventually developing into a stem, most probably in the fol- 
lowing year. 

There is no regularity in regard to the number of inter- 
nodes by which the tubers are formed; it seems to vary from 
three to four. The form of the tubers is, on the contrary, 
very uniform, cylindrical, broadest at the middle, and taper- 
ing at both ends. They contain a large quantity of starch. 
Fig. 127 illustrates the underground part of a very old plant, 
and we there see that the true tuberous rhizome is wanting. 
The whole rhizome consists merely of a stolon, which has 
been separated from the primary rhizome, and of which the 
ascending branches proceed from small tubers, each repre- 
senting one single internode. It denotes the fact that the lat- 
eral branch (br?) has been developed from the axil of 
a scale-like leaf, without being preceded by any formation 
of tubers, while the main branches (Br! and Br?) form 
tubers above each leaf, which support a lateral branch. 
Strong roots proceed from the inferior face of the tubers, while 
the stolons otherwise are mostly destitute of roots. It is 
especially the ability of forming these tubers that makes the 
stolons able to continue their life after having been separated 


from the main rhizome of the plant. 


Hlemerocallis fulva. 


This plant is not properly indigenous to America. It is 
a native of Europe, but has been cultivated here for a long 
period and sometimes occurs escaped from cultivation. A 
germinating plantlet has been figured on Plate XVI, Fig. 
128, where we see a rather strongly developed primary root 
(R) and one secondary root (r) which has grown out through 
the base of the sheath that is formed by the cotyledon. The 
cotyledon itself is partly enclosed in the seed, or at least its 


free and forms, as mentioned above, 


apex is, while the base is 
a sheath around the plumule, which has developed three 
leaves (L'—L*); the latter are linear and carinate. The plant 
shows the same general course of development in regard to 
its germination as do most of the monocotyledonous plants, 
but there is, however, quite an interesting fact, which must 
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be taken into consideration. This is the distinct wrinkling, 
which the primary root shows, and which may be observed 


also in the secondary root, when it has grown out to its full 
length, as shown in Fig. 129. This peculiar fact (the wrin- 
kling of the roots) depends on their ability to contract, and, 
as explained by Irmisch, is for the purpose of keeping the 
plant as close to the ground as possible. The older state of 
the plant, figured in Fig. 129, shows also that the secondary 
root (r) has increased quite considerably in thickness, being 
almost fusiform, taking the function of a nutritive root, and 
contains a large quantity of starch, like the tuberous roots, 
of Orchis, Dahlia and several others. 


Yucca floriosa. 

The seed of this species is compressed, almost triangular, 
with a corneous albumen. A longitudinal section of the seed 
(Plate XVI, Fig. 131) shows the fusiform apex of the cotyle- 
don, lying diagonally in the albumen. When the seed com- 
mences to germinate the primary root is the first that appears; 
it is rather thick and attains a considerable length before the 
plumule becomes visible. Figs. 130 and 132 show this very 
first stage of the germination, and we observe there a slight 
bending downwards of the cotyledon, so that the seed is kept 
under ground during this, the first, stage of the germination. 
The lower part of the cotyledon shows very early an incipient 
swelling, which is caused by the growth of the plumule inside. 
Fig. 133 shows the plumule (P) coming out, but in other 
regards the germinating plantlet has not changed from what 
has been figured above. But after that time, when the first 
leaf has been developed (L! in Fig. 134), some very consider- 
able changes have taken place. The primary root has 
grown rapidly out, and shows already some lateral branches, 
and the cotyledon has commenced to stretch itself upwards, 
so that the seed is entirely above ground, still being for some 
time carried by the apex of the cotyledon, the base of which 
shows the swelling, mentioned above, and has even increased 
in length. The first leaf alternates with the cotyledon, ts 


broadly linear, pointed and five-nerved. In the next stage 
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of the germination, figured in Fig. 135, the second leaf has 
appeared, and contemporarily the primary root has attained 
a considerable length, with a few ramifications. The base of 
the cotyledon seems to have decreased in thickness, and will 
oradually fade away, leaving a somewhat fibrous sheath 
around the base of the young plant, as is shown in Fig. 136. 
This plant (Fig. 136) was about one month old, and we can 
see the continued growth of the primary root, that has acquired 
several lateral branches, but no secondary roots have been 
developed. The cotyledon has partly dropped, at least the 
upper part, while the lower is still persistent, forming a narrow 
sheath around the base of the young plant. No axis nor 
internode is visible, and the plant will not develop a longer 
stem, the leaves all being situated near the ground, forming 
a dense rosette. The development of the secondary roots is 
very late, and the primary root persists for about half a year. 
Fig. 137 shows a young plant, the age of which is eight 
months. We see in this figure four secondary roots (r-—r), 
of which two are relatively more strongly developed than the 
other ones; the latter are rather thin, but provided with sev- 
eral lateral branches in contrast to the two others, the thicker 
ones. There is only a scar (R) left from the primary root, 
but the plant has not been changed in any other respect, 
except by the addition of leaves to the ones figured in 
Fig. 136. 
ARACEE. 
Peltandra undulata. 

The fruit of this plant is a fleshy berry, of which the peri- 
carp is very thin, notwithstanding that it is tough when fresh, 
dark colored and almost black (Plate XVII, Fig. 138). The 
enclosed seed (Plate XVII, Fig. 140, there being most fre- 
quently only one) is globular, surrounded bya tenacious jelly 
which, according to Baillon and Engler, is the transformed 
exterior integument of the ovule. The plumule is green and 
lies in a furrow formed by the large scutellum, the margins 
of which tightly enclose, but do not quite cover the plumule. 
When the fruits have matured in the fall, they drop into the 


water, and will be found floating for a certain time, while the 
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pericarp cither opens by gradual decay or becomes ruptured 
by the jelly, which, after contact with the water, swells rap- 
idly and forms a perfectly translucid, mucilaginous coat around 
the seed (Plate XVII, Fig. 139), very much like the shell of a 
univalve mollusk, and is only to be removed from the seed 
with great difficulty. The germination begins while the seed 
is still floating upon the water, and the first sign of the young 
plant is the plumule breaking out through the mucilaginous 
envelope and separating itself from the clasping margins of 
the cotyledon (Plate XVII, Fig. 141). In this very first state 
of germination there is to be seen not only the first leaf (L' 
in Fig. 141) surrounding the plumule, the position of which 
is alternating with the cotyledon, but also the primary root 
(Rin Fig. 141), which has commenced to break out. Two 
pairs of other roots are visible on each side of the first root, 
but merely as round spots, which are lighter colored than the 
surrounding parts of the seed. The seed now begins to sink 
in the water, and, while the plumule continues its growth, the 
roots become more distinct, partly breaking through the still 
persisting mucilaginous coat. It will be seen by an examina- 
tion of Plate XVII, Fig. 141, in which the same seed, seen 
from the side and from the front, has been figured, that the 
primary root is the farthest developed. 

Next in order are the two pairs of roots, mentioned above. 
The coleorhiza is distinct, but entirely smooth, as the 
roots themselves, without any hairs. Above these roots and 
at the very base of the plumule one pair of round spots 
is to be observed, which, as will be shown later, represent a 
third pair of roots, but whose development is proportionally 
very slow. 

In following the further development of the germinating 
plantlet, the next state is (Plate XVII, Fig. 144) the disap- 
pearance of the jelly by gradual solution, till it forms but a 
thin membrane around the seed, then soon decays and dis- 
appears entirely. The first leaf now comes out and shows its 
final form, it being bicarinate, sheathing and scale-like. The 
form of this first leaf next the scutellum is characteristic of 
most of the Aracee with exalbuminous seeds, while in those 
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with albuminous seeds the first leaf mostly has the form and 
structure of the normal leaves, and has a distinct petiole and 
blade developed. This fact has been pointed out by Engler,* 
but it seems, as if it had been overlooked, that the seed of 
our plant is exalbuminous, as Engler describes it under the 
tribes Peltandreae as having ‘* Semina albuminosa.” 

But, besides the development of the first leaf, we see 
also the second one (L?2 in Fig. 144), and further, that the 
primary root has been almost surpassed, in regard to growth, 
by the lowest pair of secondary roots (r!). The primary 


root, of which the direction seems to be almost horizontal in 


contrast to the others, which usually grow immediately 
downward, has now attained its final length, while the second- 
ary roots (r', r? and’ in Fig. 145) are rapidly growing out. 
We see further, in Fig. 145, that, besides the above-mentioned 
two pairs of secondary roots (r' and r?), another one has 
been developed (r*) below the primary one. In this same 
state (Fig. 145) the leaf has come out (L?) showing the shape 
of the first one (L!), but is almost twice its length, and sur- 
rounds the base of the third one (L*), which again assumes 
the same form. We now have on this germinating plantlet 
three leaves, all of which are approximately scale-like, or at 
least with the blade entirely wanting, and very different from 
the normal, arrow-shaped leaves. There is, however, between 
these two forms a sort of transition, since, as shown in Figs. 
147 and 148 (L? and L® which are the first leaves after the 
scale-like ones), they have a blade, which is ovate-lanceolate 
and tapering at bothends. This kind of leaves, which precede 
the normal ones, may appear sooner or later, 2. ¢., either fol- 
lowing immediately upon the first scale-like leaf (1! in Figs. 
147 and 148) or being preceded by even three of that kind, 
as the specimen shows (Fig. 145). The further development 
of the roots is shown in the Figs. 147 and 148, and we see 
in all four pairs of secondary roots on both sides of the front 
part of the young plant, and two others, the one above, the 


* A. Engler: Aracez in Alph. and Cas. De Candolle’s Monographiae Phan- 
erog. Prodromi, vol. II., 1879. 
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other one below the primary root, which is now entirely 
faded. The roots do not show any sign of ramification, and 
they are but sparingly covered with root-hairs. 

It is curious to see, that the pair of roots (r‘) that are 
already visible in that very early state, appearing there (Fig. 
143) as two round spots, have now first been developed. 
The space of time, that has passed since the first stage of 
germination (Fig. 140) to the last one (Fig. 148), is about 
three months, and still the scutellum is attached to the plant- 
let, and is not changed in any considerable degree in size 
or in shape. 

In regard to the rhizome of the full-grown plant of Pe/- 
tandra undulata, this does not show any essential difference 
from that of the young plant, shown in Fig. 148. The stem 
is very short, sparingly branched with ascending shoots, 
covered with the sheaths of the leaves and emitting numerous 
whitish, rather thick roots, that are but sparingly branched 
at their ends. 


Orontium aquaticum. 


This genus belongs to the tribe ‘‘ Symplocarpez,” and the 
fruit contains only one seed, which is exalbuminous, pro- 
vided with a mucilagineous jelly, similar to that of Pe/tandra. 
The embryo and the testa of the seed are light green, and the 
germination commences immediately after the maturity of the 
fruits, as soon as they have dropped. Several germinating 
plantlets were collected in the month of June in the stage of 
germination, shown on Plate XVIII, Fig. 150. The cotyledon 
is large, roundish, and very much like that of Pe/tandra, but 
does not show the furrow, that embraces the plumule as in 
Peltandra, but simply a shallow cavity of irregular form. 

The first leaf, alternating with the cotyledon, is nearly 
linear, pointed and sheathing at the base, terete, not bicari- 
nate. It is to be especially remarked, that the primary root 
does not come out before the first leaf has attained its full 
size, and the appearance of the whole root system seems to 
develop very slowly in this plant. We find the same condi- 
tion, as mentioned in Pe/tandra, that is, that the shape of the 
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first leaf is entirely different from that of the normal ones, 
which are long petioled with a blade broadly oblong and taper- 


ing at both ends. All the first five leaves of this plant 


showed the same uniform shape, and there will usually be 
several more developed before the typical leaf appears. The 
primary root does not attain any considerable length, and 
very soon dies off, and is then replaced by the secondary 
roots, as figured in Plate XVIII, Fig. 152. This figure shows 
a germinating plantlet about one month old, in which the 
cotyledon is still attached, and where the first five leaves 
have developed, the first two (l' and L') having partly 
faded. Three roots have come out besides the primary 
one, but none of these show any ability either of rapid 


growth or of any form of ramification. 


Anthurium Andracanum. 


This genus belongs to the tribe Anthuriez in which the 
seeds are albuminous, and where the germination shows the 
same general course of development, as has_ been described 
by Engler, for this group, z. ¢., the first leaf next the cotyle- 
don, has the same shape and structure as the normal leaves, 
with only a few unimportant modifications. The _ bright 
yellow fruit (Fig. 153) is a berry, of which the pericarp is 
very thin, almost membranaceous, and contains merely one 
single seed, the testa of which is also very thin. 

While the fruits were still attached to the spadix, several 
of them had already commenced to germinate, and showed 
the primary root penetrating the pericarp. The embryo is 
green. The cotyledon is fusiform, as shown on Plate XVIII, 
Fig. 156, where it has been detached from the albumen. The 
first state of germination (Plate XVIII, Fig. 155) shows the 
conical primary root, covered with root-hairs, and further 
developed than the small, wart-like plumule, which is still 
enclosed by the front of the cotyledon. The next state 
has been represented in Fig. 156, where the primary root has 
grown further in length, and the plumule is visible, having 
penetrated the front of the cotyledon, which forms a 
sheath around it. The first leaf (L! in Fig. 157) alternates 
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with the cotyledon and shows a distinct sheath and blade, 


the form of which is cordate, sometimes ovate or even round- 


ish in other specimens, while the final and normal form of 


the leaf is oblong-cordate (Fig. 164). 


If we were now to follow the further development of the 


germinating plantlet, we would see that the primary root 


continues its growth without showing any tendency to ramifi- 


cation, and further, in Fig. 160, that the first internode has 


been formed and directed vertically. 


In this same state two 


more leaves have come out (L? and L?), and there is also 


seen the beginning of the development of the fourth one (L*‘). 


Two secondary roots have appeared, the first one (r‘) just 


above the primary root and at the very base of the leaf (L'), 


while the other one has been developed on the middle of the 


first internode and in alternation with the root (r'). 


There 


was from the very young state (Fig. 157), to the last men- 


tioned one (Fig. 160), a period of two months. 


A few days 


after the primary root had attained its final length, and the 


germinating plantlet 
obtained one more internode besides one more leaf (L’*), while 


(Fig. 161) had stretched itself and 


the secondary root (r*) has not yet grown out in this specimen ; 


but we see, onthe other hand, that the primary root of this 


specimen has obtained a 


lateral 


branch, 


a Case, 


however, 


which seems to be relatively rare in the specimens examined. 


The further growth of the plant is already indicated, the 


stem being erect, consisting of several internodes of about the 


same length, and all provided with roots, one at each inter- 


node, and developed opposite the respective leaves. 


This is 


seen in Fig. 162, where a young piant has been drawn five 


months later than the last-mentioned one (Fig. 161). We 


see here that the seed is still attached, that the primary root 


still persists without fading, and that a number of secondary 


roots have been developed from the stem. The 


these 


secondary roots (r 


by 


has not attained any 


able length, and does not grow any more. 


oldest of 


consider- 


The same seems 


to be the case in regard to r*, while all the other ones (r*—1r?) 


are growing quite rapidly, and all directed downwards to the 


ground, offering in that manner a good support to the ascend- 
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ing or almost erect young stem. The roots are all densely 
covered with root-hairs and unbranched. The leaves are 
now considerably larger than in the state last described, but 
the blade has not yet, however, assumed the normal shape, 
which has been figured on Plate XIX, Fig. 164. The plant 
continues its growth, as indicated (Fig. 162), and the whole 


stem is entirely above ground without any proper rhizome. 


ALISMACE. 
Alisma Plantago, var. Americana. 


The germination of the seed of this variety is the same as 
that of the typical form, which has been so exactly figured 
by Mirbel.* 

The cotyledon is a relatively long, terete leaf, which 
carries the testa of the seed at its summit for some time, and is 
entirely above ground. A germinating plantlet is shown on 
Plate XIX, Fig. 166, where the plumule (P) has not yet come 
out, but is still to be found inside the base of the long coty- 
ledon, that shows an incipient swelling at the place where 
the plumule has to penetrate. There is between the base of 
the cotyledon and the primary root a cylindrical body (C), 
which is the hypocotyl, and we further see a distinct roll at 
the transition from the stem to the root, which is densely 
covered with hairs, and which Mirbel has explained as a 
rudimentary coleorhiza. The primary root (R) is very short 
and is not further developed, and is replaced by secondary 
roots, of which the first one will come out at the base of the 
cotyledon, just below the plumule, while the other parts of 
the seedling, the hypocotyl, the rudimentary coleorhiza and 
the primary root disappear very early. 


CONCLUDING REMARKS. 


It is merely a matter of incident that has caused just the 
above-mentioned species to have been described from their 
* Brisseau-Mirbel. Eléméns de Physiologie végétale et de Botanique, 


1815, Pl. 61. 
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earliest stage as germinating plantlets until they have attained 
an older state, or even full-grown age. It was a collection 
of material that was in the hands of the author, and it was 
thought the opportunity ought not to be neglected to present 
these contributions to the knowledge of the germination of 
some of our native plants. And even if several other species 
might have shown facts of greater interest than those 
described here, we must recall the fact that the number 
of plants taken from our flora, that have been described from 
their germination, is exceedingly small. The whole series 
of germinating plantlets, presented above, show several 
characters, so that genera and species of the same family are 
to be distinguished from each other in their very earliest 
stage. We see for instance, Anemone thalictrotdes differing 
from most of the other species of this genus by its tuberous 
roots, which are already developed in the first year. The 
two species of Ranunculus, R.abortivus and R. recurvatus differ 
from each other by the shape of the cotyledons, short or 
long-petioled, and by the form of the first leaf. Delphinium 
nudicaule shows a relatively rare manner of germination in 
comparison with other species of that genus. The germinat- 
ing plantlets of Sarracenia and Dionea are so characteristic 
that they might easily be distinguished from any other plants, 
when merely the first leaf‘is visible. There is probably no 
genus of the Papaveracez which germinates in the same 
manner as shown for Saxguznaria, with the cotyledons deeply 
under ground, and with a tuberous hypocotyl. Vzola pal- 
mata, var. cucullata, has some relatives in regard to the devel- 
opment of the young rhizome, but is, however, different from 
most of the other species of Vzola. The two species of 
Lespedesa are easily distinguished from each other by the 
foliage alone during the germination. And even among the 
Umbellifer some characters are to be observed that enable 
us to distinguish them at that early stage. The two species 
of Zhaspium differ in the shape of their first developed leaves ; 
Osmorrhiza is characterized at an early stage by its dimor- 
phous leaves, and Saxzcu/a by the early fading of the primary 
root, together with its relatively broad cotyledons. Avralia 
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further shows the peculiar fact, that the cotyledons are un- 
equal as well as different in shape. In regard to the mono- 
cotyledonous plants we are also able to find among them: 
some characteristic differences, the long, terete, leaf-like and 
free cotyledon of Agave in contrast to the short, conical 
cotyledon of Yacca, which is enclosed in the seed. The 
distinct epicotyl, observed in Sylar, Anthurium, etc., and 
the development of the bud in the axil of the cotyledon in the 
first genus. And if we consider the Aracex, we shall find, 
for instance, as pointed out by Engler (I. c.), that the final 
leaves are most often preceded by scale-like ones in the 
species with exalbuminous seed, as shown in /Pe/tandra, 
Orontium and Aglaonema (Fig. 165), in contrast with Axthu- 
rium, Where the albuminous seed develops a plant of which 
the first leaf has a distinct blade, petiole and sheath. 

These germinating plantlets show also, in several respects, 
that the earliest stage of the plant, or what we call ‘the 
germinating plantlet,” gives a figure in a small scale of the 
full-grown plant. Turning to some of the more interesting 
facts described above, we shall take for instance the case of 
cotyledons with connate petioles as in Delphinium nudicaule. 
This peculiar fact was discovered several years ago, and is 
mentioned by Bernhardi in a paper entitled : Ueber die merk- 
wurdigsten Verschiedenheiten des entwickelten Pflanzen 
Embryo und ihrem Werth fiir Systematik.* The author 
enumerates there several plants that he has found germinat- 
ing in this manner, namely: ‘“ many,’ Umbellifera, for 
instance, ferulago sp., Bunium luteum and Prangos ferula- 
cea, further “many,” Delphinice; D. fissum, D. ochroleucum 
and partly D. punzceum, Dodecathcon Mecadia of the Primulaceae 
and finally Leontice Altaica and L. vesicaria of the Berberidee. 

Another author who has observed the same fact is A. 
Winkler in his paper, ‘‘ Ueber die Keimbletter der deutschen 
Dicotylen,t where he calls the attention to the same manner 

* Linnaea, Vol. VII, 1832, page 561. 
* Verhandlungen d. bot. Vereins d. Provinz. Brandenburg, Vol. XVI, 
1874. 
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of germination in Polygonum Bistorta, and evidently, also, 
P. viviparum, further Anemone alpina and A. narcitssifiora, 
while in some species of Dentaria, Cherophyllum bulbosum, 
Eranthts hiemalis and Aconitum Anthora, the plumule does 
not attain any further development the first year, but grows 
out during the next year after the cotyledons and the cotyle- 
donar tube have faded away entirely. Asa Gray has also 
given some contributions in his paper: The germination of 
the genus J/egarrhiza, Torr,* where he has described some 
germinating plantlets of J/ Californica, and mentions the 
same case as Characteristic of Delphinium nudicaule. Further- 
more Dicksont has observed, that Anemone coronaria and 
Podophyllim Emod? germinate in the same manner, while 
Lubbockt has given some remarks upon Polygonum poly- 
stachyum, of which the germination differs a little from the 
above mentioned, as the plumule does not break through the 
base of the cotyledonar tube, but passes through it, so that 
the seedling has the appearance of possessing an erect 
hypocotyl with nearly sessile cotyledons. Figs. 79 and 8o, 
on Plate XI, represent two germinating plantlets of Rheum 
Moorcrofttanum which were cultivated in the U. S. 
Botanical Garden, and that showed the same fact mentioned 
above, that the petioles of the cotyledons form a long tube, 
and where the plumule becomes visible through a slit at the 
base of it. Several specimens were examined, and this seems 
to be the normal condition also of this plant. The tube was 
cylindrical, and a transverse section showed the presence of 
only four fibro-vascular bundles, while two groups of a collen- 
chymatic tissue were to be observed in the place where the 
petioles had been united. Fig. 81 represents a section of 
half of the tube. 

We have then seen that this manner of germination is the 














* Silliman’s Journal of Science, Vol. XIV, 1877. 
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+ Dickson: On the Germination of Podophvlium Emodi. Transact. of 
Bot. Soc. of Edinburgh, Vol. XVI. 





tSir John Lubbock: Pbytobiological Observations, Journal of Linn. 
Society, Vol. XXIV, No. 159, 1887. 
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normal one in several plants, especially in some Ranun- 
culacee, Berberidewe, Umbelliferx, and Polygonaceex, while it 
may occasionally occur as an abnormal condition in some 
others, as for instance in Azczxvus, where it has been observed 
by Magnus.* 

If we now turn to the germination of /fomaea paniculata 
(Plate XI, Fig. 76), we see that the plumule is there situated 
at the summit of a large root, and between two very long- 
petioled cotyledons, just as it has been observed, for example, 
in several Umbellifere. It is relatively the same case, as 
observed in Delphinium nudicaule, with the exception that 
the petioles are free, while the plumule, notwithstanding 
that it is protected in the same manner, is kept well under- 
ground and protected against severe cold and draught. This 
occurrence in some species of /pomoeca has been mentioned 
by Gray in his ** Notulae exiguae,” + where he has described 
the same manner of germination in /. leptophylla, I. pan- 
durata and /. jJalapa, all of which are large-rooted species. 
There was, however, one germinating plantlet of /. panzcu- 
lata (Fig. 77) which showed four cotyledons, of which two 
were grown together with their petioles and blades, whereas 
the other pair were perfectly free. The plumule was situated 
close to the base of the furrow, formed by the connate petioles 
(Fig. 78), and this fact might lead to the conclusion, that 
the cotyledonar tube probably has existed or still exists also 
in this genus. 

[In contrast to these cases, where the plumule is kept 
underground, or at least close to its surface, we have seen, 
in most of the other dicotyledoneous seedlings examined, 
that a distinct hypocotyl has been developed. This might 
seem to be rather injurious to the plant, as the plumule does 
not receive any further protection, and the hypocotyl is 
ordinarily not strongly developed, is neither thick nor pos- 
sesses any mechanical tissue. But it must then be remem- 











. Magnus: Ueber zwei monstrose Keimpflanzen von  Arvcinus. 


* P 
Verhandl. d. Bot. Vereins d. Provinz Brandenburg. Vol. XVIII, p. 107. 
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bered that in some cases it is of great importance to the 
young plant that the plumule should be kept free from the 
surrounding plants, so as to be more exposed to the air and 
light. And we have seen, for instance, in the germinating 
plantlets of Ranunculus abortivus, R. recurvatus, Sarracenia, 
Saxtfraga and Sanicula, how the hypocotyl gradually is 
forced to bend down to the ground, after the first leaves have 
developed. The plant attains the same protection as /pomwa 
and Delphintum, only at a later stage, and it is well attached 
to the ground by the development of roots from the upper 
part of the hypocotyl in connection with the more or less 
persistent primary root and the earlier developed secondary 
ones. It is to be supposed that this manner of germinating, 
with the rooting hypocotyl and the primary root dying away, 
is far from rare among the perennial herbs with short, tufted 
rhizomes. Another manner in which the young plant can be 
kept near the surface of the ground is by the roots as 
mentioned under Hemerocallis and Eucharis, where the roots 
show a distinct wrinkling, depending on their ability to con- 
tract, and this fact is also observed in several other mono- 
cotyledonous plants, as well as among the Dicotyledonee. 

In regard to the shape of the cotyledons there is quite a 
considerable difference, but the case of Aralza spinosa with 
unequal cotyledons seems to be very rare. A similar case 
has, however, been observed by Lubbock,* who has described 
the germination of Petiveria octandra. The cotyledons were 
different in size, and of a very different shape, one being 
oblong, tapering at both ends and entire, while the other one 
was subcordate and three-lobed. 

If we consider the figures, illustrating the germination of 
the monocotyledonous plants (Plate XIII to Plate XIX), we 
shall see that the germination is very uniform, although it 
shows a few differences. The shape of the single cotyledon 
is different, depending on the seed being albuminous or exal- 
buminous. In the first case, it may be perfectly leaf-like, as 
Agave and Alisma, or the superior part of the blade may be 


* Sir John Lubbock: Phytobiological Observations. Journal of Linn. 
Society, Vol. XXII, 1887, p. 371 
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transformed into a spongious body, closely imbedded in the 
albumen, while the lower part is free, as for instance in the 
Palmae, Smz/ax and Yucca ; or the cotyledon can be entirely 
enclosed in the seed, showing a more or less shield-like, 
conical or fusiform shape, as, for example, in Carludovica, 
Kiucharis, Hemerocallis and Anthurium. On the contrary, 
in plants with exalbuminous seeds, the cotyledon forms a 
more or less roundish body, as in Peltandra, Orontium and 
Aglaonema. The sheath, formed by the base of the cotyle- 
don, and opens with a slit on the anterior face, has been 
observed in all the species with albuminous seeds, but not in 
the other ones, Peltandra, Orontium and Aglaonema. The 
first leaf next the cotyledon is mostly scale-like, and is, at 
least in the species described above, in constant alternation 
with the cotyledon, like the epiblast of the Graminez. 

The presence of a hypocotyl! has been observed in Smmzlax 
and Agave, and a distinct epicotyl was found in Sw/az, 
Carludovica and Anthurium. 

The primary root does not always fade away as soon as 
is usually described as characteristic of the Monocotyledonee, 
and we have seen several cases of a rather strong develop- 
ment, and of a considerably long duration in AZ¢talea, Yucca 


and Anthuriuzyz. 
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ANATION OF THE ABBREVIATIONS 
USED IN THE PLATES. 
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9 
Fig. 10 
11. 
Fig. 12. 
13. 
14. 


EXPLANATION OF PLATES. 
(Figures all drawn from nature by the Author.) 
PLATE V. 
Anemone thalictroides. 
A germinating plantlet, nat. size. 
A cotyledon, 5 X nat. size. 


A young plant, shortly after the cotyledons have dropped, nat. 


Size. 


. A plant, one year old, nat. size. 
. The rhizome of the full-grown plant, nat. size. 


Thalictrum dtotcum. 


A germinating plantlet, nat. size. 


. A germinating plantlet, showing the distinct hypocotyl, nat. size. 


The rhizome and the lower part of the stem of an older specimen. 


nat. size. 


. The rhizome ofa full-grown plant, nat. size. 


Ranunculus abortivus. 


. A germinating plantlet, 3 nat. size. 


The same, a little older, 3 nat. size. 
PLATE VI. 
Ranunculus abortivus (continued). 


A germinating plantlet, a little older than Figs. 10 and I1, 3 & nat. 
size. 

An older stage of the same, 3 * nat. size. 

A young plant, from which the cotyledons have dropped, and of 
which the hypocotyl and the primary root have commenced to 

fade away, 2 < nat. size. 
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16. 


17. 
18. 


19. 


20 


23. 


24. 


25. 
26. 


27. 


28. 


29. 
30. 


31 
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The rhizome of a full-grown plant with the leaves and the bases of 


two flowering stems, nat. size. 


Ranunculus recurvatus. 
A germinating plantlet, 3 nat. size. 
Delphinium nudicaule. 
A germinating plantlet, side view, nat. size. 
The same, front view, nat. size. 
The blades of the two cotyledons, 124 >< nat. size. 
The blade of a cotyledon from the specimen Fig. 18, 124 X nat. size. 


The blades of three cotyledons, 17. >< nat. size. 
PLATE VIL. 
Delphinium nudicaule (continued). 
An older specimen with the cotyledons still persisting, nat. size. 
Sarracenia purpurea. 
A germinating plantlet with the testa of the seed still attached, 6 « 
nat. size. 
The same, a little older with the cotyledons free and spread out, 6 
x nat. size. 
The same with the first pitcher-shaped leaf developed, 6 X nat. size. 
A young plant with the cotyledons still attached, and with several 
pitcher shaped leaves developed, 3 % nat. size. 


The first developed pitcher-shaped leaf, 6 nat. size. 


Sanguinaria Canadensis. 


A germinating plantlet, nat. size. 

One of the cotyledons, 5 X nat. size. 

A germinating plantlet with two leaves developed next the coty- 
ledons, nat. size. 


PLATE VIII. 


Sanguinarta Canadensts (continued). 


and 32. Two germinating plantlets with the cotyledons dropped, 


nat. size. 


33 and 34. Two plants, one year old, showing the scale-like leaves 


35: 
36. 


37: 
38. 


39- 


preceding the final one and the tuber, formed by the hypocotyl, 
nat. size. 

The rhizome of a full-grown plant, nat. size. 

A lateral shoot from an old rhizome, nat. size. 


Viola palmata, var. cucullata. 


A 


A germinating plantlet, 2 « 

The rhizome of a young plant. with the cotyledons dropped, 2 « 
nat. size. 

The rhizome of an older, flowering plant, 2 * nat. size. 


nat. size. 
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Fig, 40. 
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Fig. 49. 

Fig. 50 

Fig. 51. 
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Fig. 53 

54 

Fig. 55 

50. 

57 

58. 

59. 

Fig. 60. 
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PLATE IX. 


Viola palmata var. cucullata (continued). 


A young plant, showing the swelling of the hypocotyl, 2 X nat. 
size. 
A young plant with the cotyledons still attached, 3 * nat. size. 


. A leaf with the swollen base. nat. size. 


Lespedeza vtolacea. 


. A germinating plantlet, nat. size. 
. The rhizome of a tull-grown plant, nat. size. 


Lespedeza procumbens. 


. A germinating plantlet, nat. size. 
. The rhizome ofa full-grown plant, nat. size. 


Clitorta Mariana. 


. A germinating plantlet, nat. size. 
§. One of the cotyledons, nat. size. 


PLATE X. 
Clitoria Mariana (continued). 
The rhizome of a full-grown plant, nat. size. 


Cassta Chamaecrista. 


. A germinating plantlet, 2 X nat. size. 


Rubus hispidus. 


A germinating plantlet, nat. size. 
A young plant, one year old, nat. size. 


Potenttlla Canadensis. 


. A germinating plantlet, nat size. 
. The rhizome of a full-grown plant, nat. size. 


Saxtfraga Virginiensts. 


. A germinating plantlet, 6 * nat. size. 


The same, a little older, 6 * nat. size. 


. A young plant with the cotyledons, still attached, and several 


leaves developed, 6 X nat. size. 
A young plant, 3 * nat. size. 
A stellate hair from one of the first developed leaves, highly 


magnified. 
Dionaea muscipula. 


A germinating plantlet with the cotyledons still enclosed in the 


seed, 4 X nat. size. 
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The same, a few days older, with the cotyledons free, 4 nat. 


size. 
PLATE Xl. 
Dionaea muscipula (continued). 


A young plant, showing the first leaves next the cotyledons, 4 x 
nat. size. 

The same, a little older, with the first secondary root visible, 6 
nat. size. 

The rhizome of an old plant, 2 * nat. size 


The same, longitudinal section, 2 * nat. size. 


Thaspium barbinode. 


A germinating plantlet, nat. size. 
A germinating plantlet with three cotyledons, nat. size. 
A young plant with the cotyledons dropped, naf. size. 


Thaspium aureum. 
A germinating plantlet, nat. size. 
Osmorrhiza lengistylts. 
A germinating plantlet, 2 x nat. size. 


A young plant, one year old, showing a leaf, different trom the 
first one figured in Fig. 70, nat. size. 


Sanicula Marylandica. 


‘\ 


One of the cotyledons, 4 nat. size. 
A germinating plantlet, 2 nat. size. 
A young plant, showing the strongly developed secondary roots, 


nat. size. 
Aralia spinosa. 
A germinating plantlet, 3 nat. size. 
PLATE XII. 
[pomewa paniculata. 


A germinating plantlet, nat. size. 

A germinating plantlet with four cotyledons, the two of which have 
grown together, nat. size. 

The base of the petioles of the four cotyledons with the plumule 
and the upper part of the root, nat. size. 


Rheum Moorcreftianum. 


A germinating plantlet, showing the cotyledons with connate 
petioles, forming a tube, through the base of which the plumule 
has come out, side view, nat. size. 
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The same, front view, showing the slit in the lower part of the 
tube, nat. size. 


Transverse section of the half of the tube, highly magnified. 


Pilea pumita. 


A germinating plantlet. Nat. size. 
One of the second pair of leaves next the cotyledons. Nat. size. 


PLATE XIII. 


Sabal Palmetto. 


The first stage of the germination with a longitudinal section, 
nat. size. 

The same, a little older, nat. size. 

A young plant, where the cotyledon has dropped, and the first 


leaves have developed, nat. size. 


Nannorrhops Ritchieana. 


A germinating plantlet in the first stage, longitudinal section, 
nat. size. 

The same, a little older, & nat. size. 

An older germinating plantlet, where the plumule has commenced 
to break through, nat. size. 

A young plant with two leaves developed, and with the fruit still 
attached, nat. size. 

The same, but older, where the primary root has ceased to grow, 


and the first secondary root has come out. nat. size. 


Attalea excelsa. 


The truit with the germinating seed, nat. size. 

The same, longitudinal section, nat. size. 

A germinating plantlet, where the first leaf is visible, the fruit is 
still attached, nat. size. 

A young plant, where the fruit has dropped, and the first final leaf 


has been developed, nat. size. 
PLATE XIV. 


Carludovica palmata. 


A germinating plantlet with the cotyledon free; two leaves are 
developed, nat. 5 X size. 

The same, a little older, with the cotyledon ‘enclosed in the seed, 
5 X nat. size. 

The same still more advanced, showing the first secondary root and 
four leaves ; the seed is still attached, 5 * nat. size. 

A young plant, of which the primary root has stopped its growth, 


while two secondary ones have come out, 5 X nat. size. 


































— i ge Ne 


eee 
oP ma — 





ta 2 te aia 


ey ie 
a cae baal! 
ee ON pte 


er een 


SETS 


» PEPER SD Bare : rads - <— 
oc NM ai dt PO aged 








Fig. 100. 
101. 
102. 
hig. 103. 
104 


Fig. 105. 
106. 


109. 
110. 
Tit. 
Ii2. 


I 13- 
I21. 


Fig. 124. 


125. 
126. 


106 


Agave univittata. 


A germinating plantlet, of which the cotyledon is bent, and the 
seed attached, nat. size. 

The same, a little older, nat. size. 

The same, with the seed dropped, and the cotyledon free and 
straight. A longitudinal slit is to be seen at the base of the coty- 
ledon for the penetration of the plumule, nat. size. 


Eucharits candida. 


The first stage of the germinating plantlet, where the plumule is 
not yet visible, nat. size. 
A young plant with the cotyledon free ; the first leaf has developed 


and a secondary root has come out, nat. size. 
PLATE XV. 
Smtlax rotundifolia. 


A germinating plantlet, with the fruit attached, nat. size. 

Part of the same, showing the cotyledon, the epicotyl, the hypo- 
cotyl and the first leaf, 5 nat. size. 

The same, with the sheath of the cotyledon laid open to show the 
bud in the axil of the cotyledon, 5 nat. size. 

The lower part of an olderspecimen, where the truit has dropped, 
and the first secondary root has developed, 3 * nat. size. 
Thesame, with the sheath of the cotyledon removed to show the 
bud in the axil of the cotyledon, 3 nat. size. 

A young plant, where a secondary branch has developed from 
the axil of the cotyledon, nat. size. 

The base of a young plant, where a tuber has developed from the 
axil of the cotyledon, 2 nat. size. 

The rhizome of a full grown plant, nat. size. 

120. Leaves of different forms from young plants, nat. size. 

A leaf of a full-grown plant, showing the typical form, nat. size. 

A leaf of a full-grown plant, the form of which is very common, 
but not typical, nat. size. 


Smtlax glauca. 


A germinating plantlet, nat. size. 
PLATE XVI. 
Smilax glauca (continued). 


The rhizome of a younger plant, showing one tuber, 2 nat. 
size. 

The same, 2 X nat. size. 

The rhizome of an older plant with three tubers, 2 x nat. size. 
Tuberiferous stolons of a full grown plant, nat. size. 
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Hemerocallis fulva. 


~~ 


A germinating plantlet, 3 * nat. size. 
A young plant, where the seed and the cotyledon have dropped ; 
the first secondary root has been developed, 3 X nat. size. 


Yucca gloriosa. 


A germinating plantlet with the seed attached, nat. size. 
Part of the same, longitudinal section, showing the upper part of 
the cotyledon, enclosed in the albumen, 3 X nat. size. 
An older stage of the germination, nat. size. 
A germinating plantlet, showing the first appearance of the 
plumule, nat. size. 
The same, a littic older, where the first leaf has developed, nat. 
size. 
PLATE XVII. 
Yucca gloriosa (continued). 


An older stage, where the cotyledon commences to fade away, 
nat. size. 

A young plant with the sheath of the cotyledon still persistent, 
nat. size. 

A young plant, showing the development of six leaves and three 
secondary roots, while the primary root has faded away, only 
leaving a scar, R in the figure, nat. size. 


Peltandra undulata. 


The fruit, nat. size. 

The seed, surrounded by the jelly, nat. size. 

The first stage of the germination ; the testa of the seed has been 
removed, nat. size. 

The same mere advanced, front and side view: the plumule and 
some roots are visible, nat. size. 

A germinating plantlet, side view ; the plumule, the primary root 
and two secondary roots are visible, nat. size. 

The same, front view, nat. size. 

A germinating plantlet, where the second leaf begins to come out, 
nat. size. 

The same (side view), a little older, where the primary root has 
faded away ; three leaves and three secondary roots are visible, 
nat. size. 

The same, front view, nat. size. 


PLATE XVIII. 


Peltandra undulata (continued). 


A young plant, showing the development of the leaves and roots 
side view ; the cotyledon still attached, nat. size. 
The same, a little older, nat. size. 
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Diagram, showing the position of the roots. 


Orontium aguaticum 


A germinating plantlet, showing the primary root and three leaves, 


tront view. nat. size. 
The same, a little older, side view, nat. size. 
A young plant with five leaves and four roots developed ; the 


cotyledon is still attached. 


Anthurium Andraecanum. 


>. 


The fruit, 3 X nat. size. 

The seed, 5 * nat. sixe. 

The first stage of the germination, 5 nat. size. 

A germinating plantlet, showing the cotyledon, the plumule and 
the primary root, 6 nat. size. 


A germinating plantlet, a little older, 


or where the cotyledon is 
enclosed in the seed. and where the tirst leaf has been developed, 
6 nat. size. 


The first developed leaf, magnified. 
PLATE XIX. 
Anthurium Andraeanum (continued). 


A germinating plantlet, where the secondary leaf is visible, 6 
nat. size. 

A young plant, showing the development of the first internode and 
four leaves ; two secondary roots have come out, 3 * nat. size. 

The same, a little older, showing the second internode. The 


\ 


seed is still attached, 3 * nat. size. 


A young plant, five months older than the one in Fig. 161. The 
seed is still attached, the primary root still persists and several 
secondary roots have developed from the internodes of the 
stem, 2 nat. size. 

The leaf “*L8”’ from Fig. 162. 


A typical leaf, taken from a full-grown plant, 4 nat. size. 


A glaonema pictum. 
A germinating plantlet, showing three scale-like leaves, 2 nat. 
size. 
Alisma Plantago var. Americana. 
A germinating plantlet, showing the long, terete cotyledon and 
the primary root, 8 & nat. size. 


The same, a little older, where the plumule is visible, 8 X nat. 


size. 
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THRE GENUS POLYGALA IN NORTH AMERICA. 


By Wa. bk. WikeLock 


There being no monograph of ourspecies of Polygala pub- 
lished since the treatment of the genus in Torrey and Gray's 
Flora of North America, in 1838-1840, I undertook their study 
about a year ago, at the suggestion of Dr. N. L. Britton. I 
have endeavored to see as many specimens of the species as 
could be found in the largest American Herbaria, and Dr. 
Britton has examined most of the types preserved in Europe. 
The American collections which I have examined are noted 
at the close of this paper. I would most cordially thank the 
gentlemen, who own or control these collections, for their kind- 
ness in allowing me to examine them. All the specimens 
seen are geographically recorded in the following pages, with 
the intention of making the work a contribution to the subject 
of geographical distribution, as well asa monograph of the 
species themselves. 

The genus was published by Linnzus, in Gen. Pl. Ed. 1, 
p. 214, and is attributed to Dioscorides by Prof. E. L. Greene, 
(Fl. Fran. 93). 

The following key is planned to lead toa ready deter- 


mination of the species. 
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§ 1. 


Ke 


ITO 


‘el provided with a fimbriate or papillose crest. 


+ Flowers in spikes arranged’ in a corymb at the summit of the stem, 


++ 


3 


~ —+ 


+ 


F Root-leaves long, narrow, acuminate. 1. P. cymosa. 
33 Root-leaves spatulate or obovate. 
” Spikes loose, flowers vellow. 2. I. ramosa. 


Spikes compact. flowers white. 3. P. Baldwins. 


Flowers in solitary spikes terminating the stem and branches. 


* Root-leaves spatulate or obovate. 


+ 
1-2 high. 4. P. KRugelit.—Florida. 

** 6’-1° high. 5. P. lutea.—L. I. to Miss. 
eee 1/6" hich. 6. P. nana.—S. C. to L. 


+H Root leaves jac OLISP de uous or absent. 
* Leaves verticillate. at least those below the middle of the stem, 
(except in P. Bovkinit, var. sparsifolia). 
re Spikes ovoid. compact, 
0 Spikes sessile or nearly SO, WIhgs deltoid-acuminate or 
deltoid-ovate. 7° P. cruciata. 
ov Spikes peduncled; wings lancevlate-ovate. 8. BP. brevifolia. 
Spikes ovoid-apiculate, loose. g. P. Hookeri. 
ttat4p Spikes conical. 
oO Spikes 2°-3° in diameter at base, lower leaves obovate, 
elliptical, lanceolate or linear-lanceolate. to. P. Boykinit. 
00 Spikes 17-2" in diameter at base, all the leaves subulate-linear 
or acicular, 11. P. leptostachys. 
** Leaves verticillate and alternate. 
te Verticillate leaves predominating: spikes dense. 12. P. verticillata. 
Alternate leaves predominating; spikes slender, loose. 13. P. ambigua. 
*** Leaves all alternate. 
# Petals united into a conspicuous, slender, cleft tube 3°-4° long. 
14. I’. incarnata. 
Petals not united into a conspicuous tube. 
oO Leaves reduced to scales. 15. P. setacea. 


oOo Leaves never reduced to scales. 


Spikes slender, 1°-2" in diameter, often becoming much elongated and 


loose, leaves acicular. bracts deciduous. 16. P. leptocaulis. 
Spikes ovoid to globose. 
Leaves linear to linear-oblong. 
| Bracts persistent. 
+ Spikes blunt, wings broadly ovate, imbricated. 


17. P. viridescens. 
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Spikes more or less apiculate. wings narrowly ovate or 


elliptical. 18. P. Curtissil. 
|| Bracts deciduous. ig. VP. Mariana. 
Leaves acicular, bracts persistent. 20. P. Chapmanii. 


Spikes evlindrical. 


Leaves small. } lone, oblanceolate Lo linear, 2!I. Pr. Nuttallii. 
Leaves lanceolate. 22. P. Senega. 
Spikes conical. 23. P. alba. 


+++ Flowers in racemes. 


* Leaves subulate-linear. 
* Mature capsule obscurely half-winged, or wingless. 

24. P. scoparia. 

** Mature capsule distinctly half-winged. 25. P. hemipterocarpa. 

oe Leaves oblanceolate to oblong. mh... F, polygama. 

ttt Flowers large. 1-4. axillary, but apparently terminating the stem. 


~ 


27. P. paucifolia. 


§ 2. Keel with no proper crest, but furnished witha solitary, beak-like process. 
+ Flowers 2” z lone. 

; Beak slender. almost filiform, about l, lone. 

* Leaves oval to lanceolate. 28. P. Lindheimeri. 


** Leaves linear-lanceolate to linear. 29. P. TPweedyi. 
32 Beak short, conical, blunt, or represented by a mere ridge; 


branches spinose. 30. P. acanthoclada. 


++ Flowers 4°-6" long. 


t Beak blunt. 
* Branches often spinose. 31. P. subspinosa. 
** Branches spineless. 
tr Leaves canescent. 32. P. Rusbyi. 
ttt Leaves glabrous or puberulent. 33. P. Californica. 
tt Beak acicular. 34. P. cornuta. 


§ 3. Keel without crest or beak. 
+ Flowers solitary, scattered. 35. PP. macradenia. 
++ Flowers in racemes. 
t Leaves broadly ovate to ovate-lanceolate. 36. P. ovatitolia. 
tt Leaves linear-lanceolate to lanceolate. 
* Wings obovate; style curved. 37. P. puberula. 
** Wines circular-deltoid; style bent at an acute angle. 


38. P. grandiflora. 
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1. P. CYMOSA, Walter, Fl. Car. 179, (1788). 

P. corymbosa, Michx. Fl. Bor. Am. ii. $4, in part, (1803.) 

P. craminifolta, Poir., in Lam. Encycl. v. 500, (1804). 

P. attenuata, Nutt. Genera, ii. 90, (1818). 

P. acutifolia, Torr. and Gray, Fl. N. A. 1. 128, (1838). 

Glabrous throughout; stem erect, 2--4 high, simple 
below, corymbosely branched at the summit; root-leaves 
rosulate, long, narrow, acuminate, 2’-6' long, 1”-4” broad, 
stem-leaves alternate, few, scattered, narrowly linear, smaller 
and subulate toward the summit; corymbs simple or com- 
pound; spikes ovoid or cylindrical, 3”-6” in diameter, bracts 
persistent; pedicels about 1” long; flowers vellow, becoming 
blackish-green when dried, wings elliptical or narrowly obo- 
vate, mucronate, nearly 2” long, crest 6f keel consisting of a 
few small processes; stamens eight in number; style some- 
what broadened at the middle and prolonged above into a 
curved, tufted appendage, stigmatic gland short-pedicelled; 
capsule minute; mature seeds brown, minute, globose, gla- 
brous, without caruncle. 

Delaware.—El\lendale, 1874, Canby. Seuth Carolina.— 
Elliott; Santee Canal, Ravenel. Georgia.—Nuttall, Baldwin. 
Klorida.—Chapman, Dr. Leavenworth, Mary C. Reynolds; 
near Jacksonville, A. H. Curtiss, No. 511; near Mayport and 
Jacksonville, 1870-1876, Henry D. Keeler; near St. Marks, 
1843, Rugel; Polk Co., 1880, J. D. Smith; Indian River, 1874, 
Palmer, No. 23; Apalachicola, 1867, Dr. B. F. Saurman; 
Tampa, 1876, Dr. A. P. Garber. J/rss7ssippi.—Ocean Springs, 
1889, S. M. Tracy; near Mississippi City, Harrison Co., 1885, 
J. D. Smith. Lowstana.-—New Orleans, Drummond. 

Type in Herb. Walter, British Museum Natural History, 
labelled * Polygala.”) N. L. B. 


2. P. RAMOSA, Elliott, Fl. S. C. and Ga. ii. 186, (1824), ex 
descr. 

P. cymosa, Poir. in Lam. Encycl. v. 500, (1804), not 
Walter. 

P. corymbosa, Nutt. Genera, ii. 89, (1818), not Michx. 
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Glabrous throughout; stem erect, 6’-18’ high, simple or 
branching, leafy, corymbosely branched at the summit; root- 
leaves rosulate, spatulate or obovate, %'-1' long, stem- 
leaves alternate, scattered, narrowly spatulate, oblanceolate 
and lanceolate from below upwards, small; corymbs com- 
pound; spikes ovoid, less than 6” in diameter; pedicels about 
I” long; flowers vellow, becoming blackish when dried; 
wings ovate-lanceolate, acuminate, about 14%” long; crest 
of keel small, fimbriate; stamens eight in number; style 
small, slender, slightly broadened and auriculate on either 
side of the minute, almost sessile stigmatic gland and _ pro- 
longed above into a_ short, tufted, in some cases two-lobed 
appendage; capsule minute; seeds dark brown, minute, ovoid, 
minutely hairy, the two caruncle-lobes scale-like, covering 
the extremity of the seed only. 

Delaware.—Nuttall; Felton, 1867 and 1874, Canby; 
Kllendale, 1875, Herb. Canby. .V. Carolina.—Rowan Co., 
1890, A. A. Heller; Wilmington, Curtis. S. Care/ina.—Rav- 
enel, Elliott; Bluffton, Beaufort District, 1873, 1886 and 
1887, Dr. Mellichamp; Sumter Co., 1884, J. D. Smith; Colum- 
bia, Dr. Gibbs; Florence, 1878, Herb. Canby; near Charles- 
ton, Dr. Bachman; Santee Canal, Ravenel. Georgia.—Le 
Conte, Dr. Harden. /lorida.—Herb. Chapman, Mary C. 
Reynolds, LeConte; Miami, 1877, Dr. Garber; Tampa, 1876, 
Dr. Garber; near Jacksonville, A. H. Curtiss, No. 522; near 
Mayport and Jacksonville, 1870-1876, Henry D. Keeler; 
Indian River, 1874, Palmer, No. 24; Apalachicola, 1867, Dr. 
Saurman. J¢ss7sstppi—Ocean Springs, 1890, Miss Skee- 
han. Lowstana.—Hale, Carpenter, Tainturier; Covington, 
T. Drummond, No. 99; New Orleans, 1832, T. Drummond, 


No. 37. /evas.—Dr. Leavenworth. 


3. P. BALDWINII, Nutt. Genera, 1. go, (1818). 


Glabrous throughout; stem erect, | -2) high, simple, or 
branching above, corymbosely branched at the summit; root- 
/ 


leaves spatulate or obovate, '%'-1' long, stem-leaves alter- 


nate, scattered, the lower ones nerrowly spatulate, 3,’ long, 
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the upper lanceolate and shorter; corymbs simple or com- 
pound; spikes ovoid or globose, compact, 3”-6” in diameter; 
flowers white, almost sessile, wings nearly 2” long, ovate- 
lanceolate, contracted above into a long narrow point, crest 
of keel minute, fimbriate; stamens eight in number; style 
much as in the preceding species; capsule minute; seeds 
dark brown, minute, ovoid, hairy, the two caruncle-lobes very 
minute, scale-like. 

Georgia.—\.eConte.  /lorida.-—Dr. Baldwin, — (type), 
Herb. Chapman, Mary C. Reynolds, Buckley, Herb. Canby ; 
near Jacksonville, A. H. Curtiss, No. 504; near Mayport and 
Jacksonville, 1870-1876, Henry D. Keeler; Apalachicola, 
1867, Dr. Saurman; Hibernia, 1869, Canby; Rosewood, 1876, 
Dr. Garber; Tampa, 1876, Dr. Garber; near St. Marks, 1843, 
Rugel; Indian River, 1874, Palmer, No. 25; Pine’ Key. 

Type in Herb. Acad. Nat. Sei. Phila. 

Var. CHLORGENA, T. and G. Fl. N. A. i. 129, (1838). 
lowers becoming green when dried. 


Hlorida.—\-verglades, Miami, 1877, Dr. Garber. 


4. P. RUGELI, Shuttleworth, in Chapm. Fl. S. U.S. Suppl. 
613, (1882). 
P. Reynoldsia, Chapm. loc. cit. (1882). 


Glabrous throughout; stem erect or ascending, 1 -2 
high, simple or branching, somewhat angled above; root- 
leaves and lower stem-leaves 1’'-2' long, spatulite, the rest 
smaller, lanceolate and acute, alternate; spikes long-pedun- 
cled, ovoid or globose, 6”-9” in diameter, compact; flowers 
vellow, becoming dark blue when dried, wings obovate or 
obovate-elliptical, about 3%” long, cuspidate, more or less 
distinctly 7-9 veined, crest of keel consisting of a few short, 
thick processes, some of which are more or less bifid; stamens 
eight in number; style rather long and slender, auriculate 
above the middle on either side of the long pedicelled some- 
what pendulous stigmatic gland, and prolonged above into a 


tufted appendage; capsule small, seeds small, obovoid, 
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slightly curved, hairy, brownish, the two caruncle-lobes 
broad, spongy, almost as long as the seed itself. 

The validity of ?. Reynoldsia, Chapman, is doubted by 
the collector. The plant seems to me to be a stout form of 
the above. 

Type of ?. Rugefi in Herb. Kew. Authentic specimen of 
P. Reynoldsiw in’ Herb. Col. Coll. 

lortda.— Buckley, Dr. B. smith, Palmer; Manatee, 1845, 
Rugel, No. 26; Manatee Co., 1887, Dr. Rothrock; Tampa 
Bay, 1839, Dr. Leavenworth; Tampa, 1877 and 1878, Dr. 
Garber, No. 11; Lake Monroe, 1876, Dr. Garber; Polk Co., 
1880, J. D. Smith; Mosquito Lagoon, A. H. Curtiss, No. 
522;* near St. Augustine, 1882, Miss Mary C. Reynolds, (dist. 
as P. Reynoldsia, Chapman); near St. Augustine, Miss Flint, 
(dist. as P. Revnoldsia, Chapman 





5. P. LUTEA, L. Spec. Pl. 705, (1753). 
P. pseudo-senega, Bertol. Bot. Misc. xv. 21, t. 3, f. 2. 


(1854)., fide Gray in Am. Jour. Sei. ti. 24, 287. 


Glabrous throughout; stems ascending, flexuous, 6'-12, 
high, simple or branched, more or less striate; root-leaves 
rosulate, spatulate, '’—2' long, or, in some cases, few, broadly 
spatulate, smaller; stem-leaves alternate, oblanceolate or 


lanceolate, ly, =] 1,4! lone 


~ , 


the lower ones obtuse, the upper 
acute; spikes ovoid or globose, 6”-9” in diameter, compact; 


‘ff 


pedicels 17-114” long; flowers orange-yellow, wings ob- 
ovate-elliptical, cuspidate, 2”-3” long, about 7-veined, crest 
of keel small, fimbriate; stamens eight in number; style 
rather long and slender, minutely cucullate above the middle 
around and above the distinctly pedicelled stigmatic gland 
and prolonged above into a slender, slightly curved, tufted 
appendage; capsule small; seeds dark-brown, long-ovoid, 
small, slightly hairy, somewhat curved, minutely beaked, the 
two caruncle-lobes narrow, almost as long as the seed. 

New York.—Long Island, Babylon, 1868, Herb. James 
S. Merriam. New /ersey.—Pine barrens, 1856, Dr. Short; 
Burlington, S. W. Conrad; Bordentown, 1876, Dr. Porter; 
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Camden Co., 1867, C. F. Parker; Atlantic Co., 1886, C. 
E. Smith; near Quaker’ Bridge, 1860, D. C. Eaton. 
Penusylvania.— Bristol, 1866, J. C. Martindale.  Delaware.— 
Wilmington, Wm. M. Canby. J/arr/and.—Salisbury, 1863, 
Herb. Canby; Eastern Shore of Maryland and Virginia, 
Canby. Seuth Carolina.—Bluffton, 1873, Dr. Mellichamp. 
Georgia.—Capt. LeConte. 1840; Savannah, Mrs. Say. 
lh lortda.—Chapman, Dr. Edw. Palmer; near Jacksonville, A. 
H. Curtiss, No. 517; St. John’s Co., 1879, J. D. Smith; St. 
John’s Co., Pellicier’s Creek, 1882, J. D. Smith; Hibernia, 
1869, Canby; Lake Monroe, 1876, Dr. Garber; Palatka, 1876, 
Dr. Garber; near Mayport and Jacksonville, 1870-1876, H. 
D. Keeler. Alabama.—i846, KF. M. Reese; Mobile, 1845, 
Sullivant.  J/zssesseppi.—Ocean Springs, 1890, Miss Skeenan. 

Tvpe in Herb. Linn. Good flowering specimens from 


Kalm. N. LL. B. 


6. P. NANA (Michx.), D.C. Prodr. 1. 328, (1824). 
P. lutea, var. nana, Michx. Fl. Bor. Am. ti. 54, (1803 
P. viridescens, Walter, Fl. Car. 178, (1788). Nutt. Gen- 
era, ll. 88, (1818), not L. 


Glabrous throughout, low; stems, in most cases several 
although occasionally single, ascending, curved, t'-6' high, 
more or less striate; root-leaves rosulate, spatulate ; stem- 
leaves wanting or few, alternate, scattered, narrowly spatu- 
late or oblanceolate, cuspidate; spikes compact, cylindrical, 
ovoid or globose, 3”-6" in diameter and '%’'-1%' long, 
minutely squarrose with the acuminate tips of the wings, in 
some cases the young spikes smaller and short-conical; 
flowers nearly sessile, yellow or yvellowish-green, becoming 
black or greenish-black when dried, wings ovate-lanceolate, 
long-acuminate, about 2%” long; crest of keel composed of 
several long, narrow, acute processes, some of them bifid; 
stamens usually six in number; style slender, somewhat 
curved, minutely cucullate near the summit around and above 
the sessile, or nearly sessile, stigmatic gland, and tufted above, 


appendage short, tuft almost sessile; capsule small; seeds 
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small, obovoid, dark brown, hairy, curved, conspicuously 
beaked, the two caruncle-lobes narrow, diverging, % the 
length of the seed. 

South Carolina.—Nuttall, 1824, ex. Herb. J. Gay. 
Georgia.—LeConte, Boykin, Dr. Bacon. Florida.—1843, 
Rugel; 1874, Mary C. Reynolds; Chapman, No. 18; Polk 
Co., Fort Meade, 1880, J. D. Smith; St. John’s Co., 1879, J. 
D. Smith; Manatee, 1878, Dr. Garber; Miami, 1877, Dr. 
Garber; Hibernia, 1869, Canby; Indian River, 1874, Dr. 
Kdw. Palmer, No. 27; Duval Co., 1882, J. D. Smith; St. 
John’s River, 1872, Dr. Torrey; near Jacksonville, A. H. 
Curtiss, No. 518; near Mayport and Jacksonville, 1870-1876, 
Henry D. Keeler. d/adama.—Mobile, 1845, Sullivant. J/2sszs- 
sippi:.—1888, 5. M. Tracy; 1885, A. B. Langlois. Louzszana.— 
Hale; New Orleans, Dr. Ingalls; Feliciana, Carpenter. 
Arkansas.—Dr. Leavenworth. 

Type of P. /utea, var. nana, Michx. in Herb. Michaux; 


fide Torr. and Gray. 


7. P. CRUCIATA, L. Spec. Pl. 706, (1753). 
P. cuspidata, Hook. Journ. Bot. i. 194, (1834), not D. C. 
Glabrous throughout; very variable in size; stem erect 

or ascending, 4’-16' high, more or less distinctly 4-angled, 

simple or branched, stout or slender; leaves verticillate in 
fours, or, in some cases, in fives, variable in size and shape, 

Yy'-1¥%' long, linear, oblanceolate, spatulate, or even nar- 

rowly elliptical, more or less distinctly resinously punctate; 

spikes sessile or upon very short peduncles, ovoid, or in some 
cases almost cylindrical, compact, 3”’-9” in diameter, usually 
conspicuously squarrose with the acuminate tips of the wings; 
bracts persistent; flowers greenish-purple, pink, or almost 
white; pedicels about 1” long; wings conspicuous, deltoid- 
acuminate or deltoid-ovate, 1%”-2%” long; crest of keel 
small, consisting of a few short and rather thick processes, 
stamens eight in number, style rather slender, somewhat 
curved, minutely cucullate above the middle, above and 
around the short pedicelled stigmatic gland, and terminating 
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above in a short, slender, curved, minutely tufted appendage; 
capsule small; seeds dark brown, small, obovoid, slightly 
curved, sparsely hairy, the two caruncle-lobes narrow, almost 
as long as the seed. 

MVaine.—Wells, 1880, Joseph Blake. JJassachusetts.— 
Plymouth, Oakes; Manchester, Herb. Oakes; Plymouth, 
Kk. Tuckerman, Jr. (fls. almost white). Connecticut. —New 
Haven, Edgerton, D. C. Eaton; Stratford, Eaton. .Vew 
York.—Staten Island, Tottenville, 1878, N. L. Britton; Long 
Island, River Head, 1877, E. 5S. Miller; East Hamp- 
ton, 1890, Wm. E. Wheelock. Pexnusy/vanta.—Read; near New 
Texas, 1861, J. J. Carter; near Bristol, 1865, C. F. Parker; 
Delaware Co., Tinicum, Dr. G. Smith; Lance. Co., Smithville, 
1862, T. C. Porter, 1889, J. K. Small, 1889, A. A. Heller. 
New Jersey.—Nuttall, Torrey, Gray, Jackson, 1844, ex Herb. 
Dr. G. Watson; Long Branch, 1852, Dr. Short; Atlantic Co., 
1865, C. KF. Parker; Secaucus, 1864, ex Herb. T. F. Allen; 
Kkgge Harbor, 1888, Dr. J. B. Brinton; Cape May, 1889, Dr. 
J. B. Brinton; Tom’s River, 1867, C. F. Parker; 1870, Thos. 
C. Porter; Secaucus Swamp, 1864, Wm. H. Leggett. Dela- 
ware.—Felton, 1867, Herb. Canby. J/aryland.—Stockton, 
1889, H. H. Rusby; Maryland and Virginia, Canby. [Hest l7r- 


ginia.—W ebster Co., Upper Glade, 1890, Dr. C. F. Millspaugh, 


No. 541. Acutucky.—Mts., 1835, Dr. Short; ** knobs about 
Crab Orchard,” Dr. Short. .Vorth Carolina.——Henderson Co., 
1881, J. D. Smith. South Carolina.—Santee Canal, Ravenel; 
Bluffton, 1874, Dr. J. H. Mellichamp; Greenville Co., 1881, 
J. D. Smith. Georgia.—1840, Asa Gray; Tallulah Falls, 1846, 
Porter. //orida.—Chapman, Mrs. Meehan, Lt. Alden; New 
Smyrna, 1874, Dr. Palmer, No. 30; near Mayport and Jack- 
sonville, 1870-1876, Henry D. Keeler; Duval Co., A. H. 
Curtiss, No. 509; Quincy; Apalachicola. A/adama.—Gates; 
Gadsden, 1878, G. R. Vasey.  Lowstana.---Tainturier; 
Atexandria, Hale. Minnesota-—1848, Dr. C. C. Parry; 
st. Croix, 1861, ex Herb. T. J. Hale; Hennepin Co., 1889, 
J. H. Sandberg. ‘Am. Sept. (Pursh’s specimen),” in Herb. 
Phil. Acad. Nat. Sciences. 
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Type of ** Polygala foliis quaternis,” Gronov., on which 
the species is based, in Herb. Mus. Brit. N. L. B. 


8. P. BREVIFOLIA, Nutt. Genera, i. 89, (1818). 
P. cructata, Torr. and Gray, Fl. N. A., i. 127, (1838), in 
part. 


Glabrous throughout; stem erect or ascending, often 


g, 
slender, weak or flexuous, more or less angled, 8’-2- high, 
branched, or in some cases simple; leaves verticillate, except 
in some cases the upper ones, usually in fours, much like 
those of the preceding but often thinner and more conspicu- 


/ 


ously black-punctate; spikes ovoid, about %' in diameter, in 
some cases slightly apiculate, rather compact, peduncled, 
peduncles often long; bracts persistent; wings lanceolate- 
ovate, mucronate, the mid-vein thickened and prominent at 
the tip, or, in some cases, almost pointless, in other respects 
the flowers much as in the preceding species; stamens eight 
in number; capsule and seeds much as in the preceding 
species. 

New Jersey —Nuttall, (type), Dr. Torrey, A. Gray; Pine 
Barrens, 1820, Dr. Torrey, in company with Mr. Nuttall, 
(dist. as P. fastigiata, Nutt.); Hammonton, 1890, Dr. J. B. 
Brinton; Brown's Mills, 1864, Diffenbaugh; Atsion, 1867, C. 
F. Parker; Tom's River, 1874, C. F. Parker; Pine cottage, 5. 
W. Conrad; ‘* Head waters of Aucocas, 4 miles south of Han- 
over Furnace,” S. W. Conrad, (dist. as 7. cruczata, Pursh.); 
Quaker Bridge, 1866, E. Diffenbaugh; Quaker Bridge, 1861, 
Herb. Canby; Forked River, 1889, Dr. N. L. Britton; Secau- 
cus, T. F. Allen. /lortda.—Chapman. Jrssissippt.—Ocean 
Springs, 1889, S. M. Tracy, (dist. as P. cruczata, L.). 

Type in Herb. Acad. Nat. Sci. Phila. 


9. P. HOOKERI, Torr. and Gray, FI]. N. A., i. 671, (1840). 
P. attenuata, Hook. Journ. Bot. 1. 195, (1834), not 
Nuttall. 


Glabrous throughout; stem rather slender, weak, erect, 
more or less distinctly 4-angled, 6’-12’ high, in most cases 
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much branched, occasionally simple; stem-leaves verticillate, 
usually in fours, the lower ones very small, 1”-2” long, the 
q rest 3”-6” long, linear, acute, in some cases indistinctly resin- 
ously punctate, those upon the branches often alternate, 
scattered; spikes rather long-peduncled, ovoid-apiculate, 
loose, %'-%' in diameter; bracts persistent; flowers pale 
rose-color, the lower ones on pedicels about t” long; wings 
almost 2” long, ovate-lanceolate, mucronate, about 6-veined 
and having in each tip a small ovoid callosity with a more 
or less cordate base; crest of keel small, fimbriate; stamens 
eight in number; style much as in 7. crwciata; capsule small; 
seeds small, ovoid, hardly curved, dark brown, sparsely 
hairy, the two caruncle-lobes as long as, or even longer than, 


the seed. 


Florida —Chapman; Apalachicola, Herb. Chapman; 
1867, Dr. B. F. Saurman. A/adama.—Baldwin Co., C. 
Mohr. J/sstssippi—Ocean Springs, 1889, S. M. Tracy. 


Loutstana.—New Orleans, Drummond; Jacksonville, Drum- 


mond, No. 131. 
Type in Herb. Kew. N. L. B. 


10. P. BOYKINII, Nutt. in Journ. Acad. Phil. vii. 86, (1834). 
P. bicolor, Hook. Journ. Bot. 1. 194, (1834). 


Glabrous throughout; stems usually several, erect, or 
curved and ascending, 1°-2° high, more or less angled, or 
striate, often slender, simple or branched above; stem-leaves 
verticillate, at least those below the middle of the stem, in 
fours or fives, the lower obovate, about 4%’ long, the rest %’- 
1’ long, elliptical, lanceolate, or linear-lanceolate, often cus- 
pidate; upper stem-leaves, as well as those upon the branches, 
in many cases, alternate, narrow; spikes conical, 27-3” in 
diameter at the base, 1’-3' in length, long-peduncled; bracts 
deciduous; flowers white, or greenish-white, almost sessile, 
wings broad-ovate, obovate, or almost circular in outline, 
concave, about 1” long; crest of keel small, made up of a few 
rather broad processes; stamens eightin number; style short, 
minutely auriculate on either side of the pedicelled stigmatic 
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gland and terminating above in a short, curved, tufted appen- 
dage; mature capsule 1%”-2” long; seeds obovoid, curved, 
very hairy, the two caruncle-lobes broad, often overlapping 
one another, 4-34 the length of the seed, or, in some cases, 
longer. | 

Georgta.—1830, Boykin, (type); 1835, Dr. Short; Mon- 
ticello Co., 1846. /lortda—Dr. Chapman, A. P. Garber; 
Aspalaga, Herb. Chapman; near Chattahoochee, A. H. Cur- 
tiss, No. 605, (or 506) ?; near Appalachicola, ex Herb. C. 
Mohr; Pine Key, Mr. Blodgett; Sarasota, 1876, Dr. A. P. 
Garber; ‘‘ Florida and Alabama,” 1833, Rugel. A/abama.— 
Mr. Buckley; 1855, Hatch; Asheville, 1878, G. R. Vasey, No. 
85; Tuscaloosa, 1883, C. Mohr; Perry Co., 1885, J. D. Smith; 
near Blount Springs, 1884, J. D. Smith; Blount Co., 1884, J. 
LD). Smith, (the axis of inflorescence marked with the scars of 
fallen bracts for a distance of six inches.) J/sszssippi.— 
“Lake,” S.M. Tracy; Brookhaven, 1882, Miss M. B. Flint. 
Loutstanan—New Orleans, 1833, Drummond, No. 36. 

Type in Herb. Acad. Nat. Sci. Phila. 

Var. SPARSIFOLIA, n. var. 

1}°-2° high; branching irregularly, leaves small, 2”- 
6” long, about 1” broad, cuspidate, few, scattered, alternate, 
the lowest of all in some cases verticillate. 

South Florida.—Cudjoe Key, (coral soil), A. H. Curtiss, 


\ 


No. 503,* (dist. as P. amdéigua, Nutt. var.) 
Type in Herb. Col. Coll. 


11. P. LEPTOSTACHYsS, Shuttl. in A. Gray's Pl. Wright. i. 41, 


Glabrous throughout; stem usually single, erect, straight 
or slightly curved, slender, 1°-1%° high, simple or with 
one or two filiform branches near the summit; stem-leaves 
verticillate in fours or fives, subulate-linear or acicular, 2”-8” 
long, the whorls far apart, few; spikes narrowly conical, 1’- 
2” in diameter at the base, about 6” long, or becoming longer 
later; bracts deciduous; flowers greenish, almost sessile, 
wings oval, obtuse, less than 1” long, shorter than the mature 
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capsule; crest of keel minute, consisting of a few short, thick 
processes; stamens eight in number; style minute, cucullate or 
auriculate above and on either side of the pedicelled stigma- 
tic gland, the terminal tufted appendage short, filiform; ma- 
ture capsule about 1” long; seeds dark brown, small, clavate 
or Clavate-obovoid, curved, smooth, or slightly hairy at the 
broader end, papillose, the two caruncle-lobes narrow, oblan- 
ceolate, %-34 the length of the seed. 

Florida.—Herb. Chapman; 1828, Dr. Leavenworth; near 
Aspalaga, 1843, Rugel, (type); near Jacksonville, A. H. Cur- 
tiss, No. 516; Duval Co., 1876, A. H. Curtiss; Gainesville, 1876, 
Dr. A. P. Garber; ‘Sand hills,” Herb. Chapman, (dist. as ?. 
attenuata, Hook.?). Type in Herb. Col. Coll. 


12. P. VERTICILLATA, L. Spec. Pl. 706, (1753). 


Glabrous throughout; stem erect, straight or flexuous, 
2'-10' high, angled, branched, very variable as to size and 
habit, short, stout, with spreading branches, or taller, more 
slender, with branches more or less fastigiate; leaves linear- 
lanceolate to linear, acute, %’-1' long, those of the stem in 
most cases verticillate in fours or fives, while those upon the 
branches, and frequently some upon the stem also, are alter- 
nate; spikes conical, 2”-3” in diameter at the base, 4/-1' 
long; peduncles in the short, stout forms short, in the taller 
forms somewhat elongated; bracts deciduous; flowers green- 
ish-white, on very short pedicels, wings broadly ovate, about 
¥%” long, not venose, only the mid-vein conspicuous; crest 
of keel small, made up of several rather short and thick pro- 
cesses; stamens eight in number; style very short and small, 
the tufted appendage minute, filiform; the mature capsule 
about 1” long, apparently much longer than the wings, which 
at this stage are not as a rule closely appressed to it but are 
twisted or reflexed so as to leave the capsule more or less 
uncovered; seeds small, narrowly obovoid or obovoid-clavate, 
dark brown, hairy, or in some cases glabrous, the two car- 
uncle-lobes narrow, collateral or diverging, about half as long 


as the seed. 














































Canada.—Manitoba, Griswold, 1887, W. A. Bunnan, (a 
small form only 2’-3' high); Ontario, near Queenston Heights, 
1877, Macoun, No. 377; Saskatchewan, 1858, Bourgeau; 
Niagara Falls, ex Herb. Macnab. J/aine.—Mt. Desert Is- 
land, 5. W. Harbor, 1887, k. L. Rand; Orono, 1889, M. L. 
Fernald. .Vew Yors.—Dr. Devan; Penn Yan, Dr. Sartwell; 
West Point, 1887, N. L. Britton; Coney Island, 1887, N. L. 
Britton; Staten Island, New Dorp, 1890, N. L. Britton. 
Massachusetts ——Essex Co., Herb. Oakes. Penxnsylvania.— 
Dr. Griffith; Philadelphia, 1824, ‘* Nuttall misit;” Lancaster 
Co., Safe Harbor, 1864, T. C. Porter; Lehigh Co., Slatington, 
1868, R. G. Bechdolt; Perry Co., Marysville, 1888, T. C. 
Porter; Huntingdon Co., J. R. Lowrie; vicinity of Conewago, 
1889, J. K. Small; Easton, Dr. Traill Green; Bethlehem, 
1832, C. J. Moser. .Vew  /ersevy.—Rosemont, 1883, Thos. C. 
Porter, 1886, G. N. Best; above Phillipsburg, 1882, T. C. 
Porter; Bergen Co. and Hudson Co., 1890, M. Timmerman; 
Morris Co., Port Oram, 1886, N. L. Britton; near Ironia, N. 
L. Britton; near Lake Hopatcong, 1886, N. L. Britton; 
Sussex Co., near Andover, 1887, N. L. Britton; Sparta, N. L. 
Britton. Delaware.—Herb. Wm. M. Canby. J/aryland.— 
Stockton, 1889, H. H. Rusby. Georgza.—Jasper Co., 
1846, T. C. Porter. /lorida—Rosewood, 1876, Dr. A. 
P. Garber. 7exas.—Chas. Wright, Drummond, No. 26; Tom 
Greene Co., 1879, Frank Tweedy; Hempstead, 1872, klihu 
Hall, Nos. g1 and 92. /udtan Territory.—1868, Dr. kdward 
Palmer. Arkansas.-—Dr. Pitcher, ex Herb. F. L. Harvey, 
No. 101. Zennessee.—Base of Chilhowee Mts., A. H. Cur- 
tiss, No. 503 (in part). Aextucky.—Greenville, 1840, Dr. 
Short. ///cnois—Beardstown, 1842, Geyer. = Hzsconsin.—La- 
crosse, 1861, *\ex coll. T. J. Hale.” Aansas.—Miami Co., 
1884, Dr. J. H. Oyster. Dakota-—Black Hills, 1887, Dr. W. 
H. Forwood. Wyeming.—Yellowstone Park, 1884, Tweedy, 
No. 308. Colorado.—*' North of Denver, on Clear Creek, ” 
1870, Ek. L. Greene, No. 66. (tah.—N. of Am. Fork Cafion, 
Hayden's Survey, 1877; J. D. Hooker and A. Gray. 

Type in Herb. Linn. Specimens from Kalm. N. L. B. 
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13. P. AMBIGUA, Nutt. Genera, ii. 89, (1818). 
P. verticillata, V.. var. ambigua, Wood, Bot. and Flor. 80, 
(1870). 

Much resembling the preceding, but taller, 5’-16’ high, 
generally more slender and the branches more fastigiate; 
while the lower stem-leaves are in many cases verticillate 
most of the leaves of the plant are alternate; spikes, asarule, 
longer than in the preceding, less compact, the flowers at the 
base of the spike often quite distant from each other; the 
peduncles often several inches in length; flowers rather 
larger, wings often purple, somewhat circular in out- 
line, venose, the mid-vein and two lateral veins noticeable; 
mature capsule apparently less elongated, hardly longer than 
the wings which are more or less closely appressed to it so 
as to conceal it from view. 

New Jersey-—Nuttall. (type). Pennsylvania.—1836, H. 
Detwiller; near Philadelphia, Herb. Phil. Acad. Nat. Sc1.; 
Chester Co., 1889, Witmer Stone; Mercersburg, 1844 and 
1850, Herb. Porter; Philadelphia, 1824, ** Nuttall misit, © in 
Herb. Gray ; Columbia Co., Buckhorn, 1889, A. A. Heller; 
Chester Co., W. Nottingham, 1889, T. C. Porter ; Chester Co., 
Lincoln, 1887, T. C. Porter; Chester Co., Corcoranville, 1883, 
Dr. J. B. Brinton; Lancaster Co., 1861, T. C. Porter, Smith- 
ville, 1865, T. C. Porter. Delaware.—1862, Herb. Wm. M. 
Canby. Maryland.—Garrett Co., 1879,J. D. Smith. erginza. 
—Natural Bridge, 1885, Dr. and Mrs. N. L. Britton.  /bes? 
Virginta.—Wood Co., 1890, Dr. C. F. Millspaugh. Kentucky. 
Mudlick, Dr. C. W. Short; Greenville,1840, Dr. C. W. Short; 
‘Hills about Crab Orchard,” 1835, Dr. Robert Peter. Zen- 
nessee.—Grainger Co., 1880, J. D. Smith ; base of Chilhowee 
Mts., A. H. Curtiss, No. 503 (in part). Georgta-—Herb. 
Chapman. dA/labama—tLa Grange, Prof. Hatch. Louistana— 
Hale. 

Type in Herb. Acad. Nat. Sci. Phila. 





14. P. INCARNATA, L. Spec. Pl. 701, (1753). 


More or less glaucous ; stem erect or ascending, usually 
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somewhat curved, 1~-2~ high, simple or sparingly branched; 
leaves alternate, few, scattered, 4’ -%’ long, linear-subulate, 
the upper ones often very small; spikes somewhat cylindri- 


/ 


long, 4/-%' in diameter; bracts deciduous; 


/ 


cal, %4'-1% 
flowers pale purple or rose color, almost sessile; wings about 
2". long, lanceolate, minutely mucronate, about five-veined, 
conduplicate at the tip; petals united into a conspicuous, 
slender, cleft tube, 3’’-4’’ long, two or three times as long as 
the wings; crest of keel conspicuous, made up of several 
broad and thin processes, some of which are bifid; stamens 
eight in number; style long, filiform, curving above, auricu- 
late near the summit on either side of the almost sessile stig- 
matic gland and terminating above ina rather short, tufted 
appendage; mature capsule about 2” long, cordiform-ovoid, 


sulcate; seeds short-ovoid, dark-brown, hairy, conspicuously 


beaked, the two caruncle-lobes lenticular, spongy, envelop- 
ing the beaked extremity of the seed. 

New Jersey.—Dr. C. Pickering; Haddonfield, Mr. Read; 
Clarksboro, 1886, ex. Herb. Isaac Burk; ‘*‘ New Jersey to 
Carolina,’ Nuttall; ** New Jersey and Illinois,” W. D; Bridge- 
ton, Britton; near Mickleton, B. Heritage. Pexnsyl- 
vania.—Huntingdon Co., 1843; Lancaster, Porter; New 
Texas, 1862, J. J. Carter. Delaware-—Townsend, 1862, Herb. 
Wm. M. Canby. J/aryland.—Salisbury, 1865,ex. Herb. Wm. 
M. Canby; Stockton, 1889, H. H. Rusby. 2. C.—George- 
town, Dr. . Robbins, No. 55. Jl rginta—Norfolk, Dana; 
Noels’, 1889, Dr. J. B. Brinton, (an almost leafless form). 

North Carolina—Rowan Co., 1890, A. A. Helter, (an al- 
most leafless form). South Carolina.—Santee Canal, Ravenel; 
Bluffton, 1873, Dr. J. H. Mellichamp; Society Hill, 1884, J. 
D. Smith; Mount Pleasant, near Charlestown, Miss Fisher. 
Georgia.—Boykin; Monticello, Jasper Co., 1846, T. C. Porter; 
Savannah, Mrs. Say; Bull Creek, near Columbus, 1883, J. D. 
Smith. /7orzda—Herb. Chapman, F. Cozzens; Indian River, 
1874, E. Palmer, No. 28; Magnolia, 1883, J. D. Smith; Fort 
Meade, 1880, J. D. Smith; Duval Co., 1882, J. D. Smith; A- 
H. Curtiss, No. 515; Jacksonville, 1869, Wm. M. Canby; 
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near Mayport and Jacksonville, 1870-1876, Henry D. Keeler; 
Apalachicola, 1867, Dr. Saurman. A /adama.—Conecuh Co., 
near Evergreen, 1884, J. D. Smith. J/2sszss¢ppi—Ocean 
Springs, 1890, Miss Skeehan. Low:szana.—New Orleans, 1832, 
Drummond. = _7eras..—1843, Lindheimer, No. 12, Chas. 
Wright; Washington Co., Miss: Hobart; Hempstead, 1872, 
Klihu Hall, No, 93; Dallas, 1881, J. Reverchon. Aaxsas.— 
Miami Co., 1888, Dr. J. H. Oyster. Arkansas.—Dr. Leaven- 
worth; Grand Prairie, 1883, F. L. Harvey, No. 3. Acatucky. 
—1842, Dr. C. W. Short; * Barrens,” 1835, Dr. Short. ///- 
nois.—1852, S. B. Mead; Augusta, 1842, S. B. Mead; Beards- 
town, 1842, Geyer; * Prairies,” J. L. Darlington. 

A form slender, almost leafless, with white flowers. //or- 
ida.—Rosewood, 1876, Dr. A. P. Garber. 

A form stout and almost leafless. //orida.—St. George's 
Island, Herb. Chapman, (dist. as ?. zvcarnata, var.); ‘* Apa. 
sea-shores.” Perhaps identical with * P. paniculata, herb. Le 
Conte,’ Torr. and Gray Flora, i. 129. 

Type in Herb. Linn. Specimens from Kalm. N. L. B. 


15. P. SETACEA, Michx. Fl. Bor. Am. ii. 52, (1803). 


Glabrous throughout; stem single, or two or three from 
the same base, slender, erect, straight, or somewhat flexuous, 
6'-18' high, simple, or sparingly branched; leaves represented 
by mere scales; spikes ovoid-conical, compact, 4-9” long, 
2”-3” in diameter; bracts deciduous; flowers pale-pink or 
whitish, almost sessile; wings about 1” long, narrowly obo- 
vate, hardly mucronate; crest of keel small, consisting of a 
few short processes; stamens six in number; style short, min- 
utely auriculate inthe middle on either side of the rather long- 
pedicelled stigmatic gland and terminating above in a short, 
curved, tufted appendage; capsule small; seeds small, ovoid, 
hairy, the two caruncle-lobes much as in the preceding 
species. 

Florida.—Dr. Chapman, No. go; Dr. Leavenworth; 1875, 
1877, 1878, Mary C. Reynolds; Apalachicola, Chapman; 1867, 
Dr. B. F. Saurman; near Jacksonville, A H Curtiss, No. 525; 

















near Mayport and Jacksonville, 1870-1876, Henry D. Keel- 
er; Indian River, 1874, Dr. Edw. Palmer, No. 29; Hi- 
bernia, 1869, Wm. M. Canby; Manitee, 1876, Dr. A. P. Gar- 
ber; Tampa, 1876, Dr. A. P. Garber; 1880, J. D. Smith. 
“ Georgia and Florida’.—Le Conte. *‘ Am. Sept’”.—Dr. Bald- 
Win. 

Type in Herb. Michaux, fide Torr. and Gray. 


16. P. LEPTOCAULIS, Torr.and Gray, Fl. N. A. 1. 130, (1838). 


Glabrous throughout; stem very slender, in some cases 
almost filiform, erect or ascending, often curved or flexuous, 
1-2” high, in most cases sparingly branched above, branches 
fastigiate; leaves alternate, acicular, few, scattered, 4’-1' 
long; spikes slender, 1”-2” in diameter, often becoming much 
elongated and loose ; bracts deciduous ; flowers pale-purple, 
on very short, slender pedicels, in some cases secund; 
wings” elliptical-obovate, narrowed at the base into a 


short claw, %”- 


1” long, about three-veined; crest of keel 
small; stamens eightin number; style minute, cucullate above 
the middle, the stigmatic gland almost sessile, the tufted ap- 
pendage minute, filiform, in some cases the tuft sessile or the 
entire appendage wanting; mature capsule small, less than 
1’ long; seeds minute, ovoid, not curved, very hairy, the 
two caruncle-lobes minute, hardly to be seen. 

Loutistana.—Carpenter, in Herb. Chapman; (Chateiguer), 
1885, A.B. Langlois; Abbeville, 1884, A.B.Langlois. /evas: 
—Buckley, 1872, Elihu Hall, Drummond, No. 28, (type); 1843, 
Lindheimer, No. 11; Mr. Chas. Wright; Hemstead, 1872, I lihu 
Hall, No. 95; Beaumont, 1884, G. C. Nealley. 

Type in Herb. Col. Coll. 


17. P. VIRIDESCENS, L. Spec. Pl. 705, (1753). 
P. sanguinea, L. Spec. Pl. 705, (1753). 
P. purpurea, Nutt. Genera, ii. 88, (1818). 





Glabrous throughout; stem more or less angled, 6’-16' high, 


stout, erect, branched, leafy to the top, or slender and simple; 
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leaves alternate, linear to linear-oblong, ™%'-i' long, acute, or 
almost cuspidate; spikes ovoid or globose, blunt, compact, 
¥'-1' long, 4” or 5” in diameter, short-peduncled; bracts per- 
sistent, but in many cases only moderately so; flowers red- 
purple, or in forma albiflora white, sessile, ornearly so; wings 


jf 


imbricated, broadly ovate, 1%”-3” long, about nine-veined, 
the mid-vein conspicuously thickened throughout the upper 
half of the wing, and usually prolonged into a mucronation; 
crest of keel very small, consisting of a few short, broad, thickish, 
in some cases retuse, processes; stamens eight in number; style 
somewhat broadened, and minutely auriculate at the middle, 
above and on either side of the almost sessile stigmatic gland, 
and terminating above ina rather stout, curved, tufted ap- 
pendage; capsule small; seeds small, pear-shaped, dark-brown, 
hairy, the two caruncle-lobes collateral, diverging, or even 
straddling the seed, half as long as, or, in some cases, as long 
as the seed. 

Canada.—Ontario, Point Pelee, 1881, Brodie; Windsor, 
1884, J]. M. Macoun. J/aime.——Mt. Desert Island, near Seal 
Harbor, 1889, J. H. Redfield; Cape Elizabeth, 1889, M. L. 
Fernald. 

New York.—Long Island, Hicksville, 1890, Geo. D. Hulst: 
Forbell’s Landing, 1890, M. Timmerman. Staten Island, 
1890, Oakwood, New Dorp, Court House, N. L. Britton. 

Massachusetts —Fair Haven, 1865, Dr. J. W. Robbins; 
Northampton, 1874, 5. Watson; Cape Ann, 1883, Dr. J. B. 
Brinton; Salem, C. Pickering. 

Rhode /sland.—Providence, Olney; Little Compton, 1821, 
Miss Stretter. 

New Jersey.—S. W. Conrad; Camden, 1876, I. C. Mar- 
tindale; Gloucester Co., 1865, C. F. Parker; ‘* Pine barrens,” 
1856, Dr. Short; Demarest, 1880, Herb. Joseph Schrenk. 
Pennsylvania.—1836, H. Dettwiller; Bethlehem, J. Wolle; 
Westchester, 1827, W. D.; Lancaster Co., Reinholdsville, 1866, 
Thos. C. Porter; Lanc. Co., Mastic Forge, 1861, T. C. Porter; 
New Texas, 1860, T. C. Porter; Mercersburg, 1850, Thos. C. 
Porter; Lebanon Co., Penryn, 1889, A. A. Heller; Harmons- 
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burg, 1869, Garber; Presque Isle, 1869,Garber; Northampton 
Co., 1861, Dr. T. Green; vicinity of Penryn, 1889, J. K. Small. 

Delaware.—Herb. Wm. M. Canby; Wilmington, 1844, J. 
B. Brakely.  Waryland.—Salisbury, Wm.M.Canby; Oakland, 
Garrett Co., 1880, J. D. Smith. [Vest Virginia —Wood Co., 
18go, Dr. C. F. Millspaugh, No. 247. 

Kentucky.—* Hills about Crab Orchard,” 1835, Dr. Rob- 
ert Peter; ‘* Knobs of Crab Orchard,” 1842, Dr. Short. 

Ohkio.—Darby Plains. ///znots.—Mt. Carmell, 1875, Dr. 
J. Schenck; Beardstown, 1842, Geyer; Fountaindale, Winne- 
bago Co., Herb. M.S. Bebb; Augusta, 1842, 5. B. Mead; 
Oquawka, 1874, Harry N. Patterson; ‘ Prairies,” J. L. Dar- 
lington. II 7sconsin.—Juneau Co., Camp Douglas, 18go, bk. A. 
Mearns, No. 250. Winnesota—Hennepin Co., 1889, J. H. 
Sandberg. Arkansas.—Dr. Pitcher; Grand Prairie, 1883, F. 
L. Harvey, No. 11; (**N. W.") 1880, ex. Herb. F. L. Har- 
vey, No. 68. Kansas.—1887, Dr. J. H. Oyster; Miami Co., 
1885, Dr. J. H. Oyster. /ndian Jerritory.—1868, Dr. Edw. 
Palmer, No. 74. 

Type of both P. wridescens and P. sanguinea in Herb. 

Linn. N. L. B. 

Forma ALBIFLORA. Flowers white.  J/assachusetts.— 
1860, Concord, Mr. Pratt. Delaware.—Townsend, 1872, ex 
Herb. Wm. M. Canby. — IIest ltrginta.—Webster Co., 1890, 
Dr. C. F. Millspaugh, No. 554. 

Type in Herb. Col. Coll. 


18. P. CurtTissit, A. Gray, Manual, 5th ed. 121, (1867). 


Glabrous throughout; stem much asin the preceding 
but rather more slender; leaves alternate, linear, the upper 
ones acute; spikes ovoid or globose, more or less apiculate, 
not compact, 4”-6” in diameter; peduncles longer than in the 
preceding; bracts persistent; flowers rose-purple, pedicels 
about 1” long; wings narrowly ovate, or elliptical, minutely 
mucronate, about seven-veined, the mid-vein less prominent 
than in the preceding and thickened only at the tip; crest of 
keel small, made up of a few short, blunt, thickish processes, 
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some of which are often bifid; stamens eight in number; style 
much as in the preceding; capsule small; seeds small, dark- 
brown, densely hairy, pear-shaped or top-shaped, beaked at 
the smaller, and apiculate at the larger extremity, the two 
caruncle-lobes minute, obovate, scale-like, about 4 the 
length of the seed. 

This species was founded upon an abnormal form in which 
the pedicels are much elongated, making the inflorescence 
conspicuously racemose. 

Before this fact was recognized specimens which would now 
be regarded as typical were referred to var. pycnostachya, Gray. 

Pennsylvania.—Bethlehem, 1840, Mr. Wolle, (dist. as 
P. Nuttalliz. ) 

Maryland.—Bladensburg, 1878, Lester F. Ward; Piney 
Point, 1874, George Vasey, (dist. as var. pycnostachya); Cecil 
Co., near Elkton, 1884, J. J. Carter, F. W. Price. 

D. C.—Washington, 1886, H. W. Henshaw; 1874, Dr. 
Vasey; near Washington, 1878, 1879, Lester F. Ward. V7r- 
giua.—near Alexandria, 1865, Curtiss, (type); Alexandria 
Co., 1884, Lester F. Ward; Noels, 1890, Dr. J. B. Brinton; 
Richmond, 1887, Herb. Isaac Burk, (dist. as var. pycnostachya). 

North Carolina.—1880, Thomas Meehan, T. C. Porter 
and others, (dist. as var. pycnostachya); ‘* Mts.” 1878, G. R. 
Vasey, (dist. as var. pycnuostachya ); ‘* Western,” 1880, Thos. 
C. Porter, (dist. as var. pycnostachya ); Marion Co., (Hyams ?); 
Jackson Co., Wild Cat Ridge, 1882, J. D. Smith, (dist. as var. 
pycnostachya); Macon Co., Horse Cove, 1882, J. D. Smith, 
(dist. as var. pycnostachya); Transylvania Co., Buck Forest, 
1881, J. D. Smith, (dist. as var. pycuostachya); Henderson Co., 
1876, ex. Herb. Wm. M. Canby; Anson Co., 1884, J. D. 
Smith; Rowan Co., 1890, A. A. Heller; Black Mt. Station, 
1885, Dr. and Mrs. N. L. Britton; Blue Ridge, 1841, Gray 
and Carey. 

South Carolina.—Cesar’s Head, 1876, Herb. Wm. M. 
Canby, 1881, J. D. Smith, (dist. as var.pycnostachya); ‘ Mts. 
of Carolina and Georgia,” 1867, A. Gray. 


Georgta.—Boykin; 1875, C. Wright; 1888, Geraldus Mc- 























Carthy; 1846, ex. Herb. T. C. Porter. A/abama.—Blount Co., 
1884, J. D. Smith. /ennessce.-—1880, A. Gattinger; Chil- 
howee Mt., A. H. Curtiss, No. 523, (dist.as P. sanguinea, L.); 
Grainger Co., Clinch Mt., 1880, J. D. Smith, (dist. as var. 
prenostachya). Kentucky.—1840, Dr. C. W. Short, (dist. as 
P. purpurea); Licking River Hills, Short; Mudlick, C. W. 
Short, (dist. as P. purpurca); Road to Red River, Dr. Short. 


Type in Herb. Gray. 





19. P. MARIANA, Mill. Gard. Dict. No. 6, (1768). 
P. fastigiata, Nutt. Genera, ti. 89, (1818). 
P. sanguinea, Torr. and Gray, Fl. 1. 126, (1838), excl. syn. 


Glabrous throughout; erect, or ascending and flexuous, 
slender, or in some cases moderately stout, 6’-18' high, simple, 
or branched above; the branches often conspicuously over- 
topping the stem, in some cases fastigiate; leaves alternate, 
linear, 2'’-8’"’ long, acute or almost cuspidate, often rather erect, 
the upper ones upon the branches in many cases very small, 
subulate and appressed; spikes ovoid or glabose, 3/'-5" in dia- 
meter; bracts deciduous; flowers rose-color, pedicels some- 
times aslong as 11%”; wings ovate or elliptical, almost 2” long, 
about five-veined, mid-vein thickened and conspicuous at the 
tip; crest of keel consisting of a few short, blunt processes 
which are often bifid; stamens eight in number; style rather 
long and slender, minutely auriculate above the middle, above 
and on either side of the almost sessile stigmatic gland, the 
tufted appendage curved; capsule small; seeds small, pear- 
shaped with rather a long neck, slightly curved, minutely api- 
culate at the larger extremity, dark-brown, hairy, the two 
caruncle-lobes short and broad, embracing the smaller extrem- 
ity of the seed. 

Delaware.—Vownsend, 1861, Herb. Canby; Felton, 1867, 
Herb. Wm. M. Canby, 1874, Wm. M. Canby; Sussex Co., 
Ellendale, 1875, Herb. Wm. M. Canby. 

Maryland.—Near Bladensburg, 1884, Lester F. Ward; 
Stockton, 1889, H. H. Rusby. /). C.—Near Washington, 
1876, J. W. Chickering, Jr. 







































lirginta.—Portsmouth, Rugel. 
) North Carolina.-—-Herb. Phil. Acad. Nat. Sciences; Ro- 
wan Co., 1890, A. A. Heller. South Carolina.—Santee Canal, 
| H. W. Ravenel; Florence, 1878, Herb. Wm. M. Canby; near 
4 Society Hill, 1884, J. D. Smith. Gceorgia.—Taylor Co., 1876, 
H. N. Neisler. //or¢da.—Chapman,; Hibernia, 1869, Wm. M. 
Canby; Picolata, 1858, Wm. M. Canby; St. Augustine, 1876, 
Dr. A.P. Garber; Apalachicola, 1867,Dr. Saurman. 4 /aéama. 
—Selma, Dr. Cahill. Lowzstana.—Hale; New Orleans, 1832, 
“comm. Drummond;” (West), Chateigner, 1885, A. B. Lan- 
glois; (West), Atakopus, in prairies, 1885, A. B. Langlois; 
(East), in pine barrens, 1885, A. B. Langlois; (East), 
St. Tammany Co., 1885, A. B. Langlois, No. 13. /eras.— 
Mr. Charles Wright. 
Type in Herb. Mus. Brit. N. L. B. 


20. P. CHAPMANII, Torr. and Gray, Fl. N. A.i. 131, (1838). 


Glabrous throughout; stem erect, slender, 1~-18' high, 
simple, or at length sparingly fastigiately branched; leaves 
alternate, acicular, 2”-9” long; spikes long—ovoid, apiculate, 
3”-4” in diameter, or the younger ones short, almost conical; 
bracts persistent; flowers bright rose-color, or purplish, on 
pedicels almost 1” long; wings ovate or elliptical, minutely 
mucronate, nearly 114” long, about nine-veined, the mid-vein 
thickened at the extreme tip; crest of keel consisting of a few, 
in some Cases only two, minute papilloid processes; stamens 
eight in number; style small, minutely auriculate near the 
middle, above and on either side of the almost sessile stigma- 
tic gland, the tufted appendage curved; capsule small, short; 
seeds small, short, pear-shaped, almost black, minutely 
| beaked, furnished with an abundance of pale, curved hairs; the 
two caruncle-lobes small, short and broad, 1-5—'% the length 
of the seed, and straddling its beak. 

lorida.—Chapman; Walton Co., A. H. Curtiss, No. 508; 
West Florida, Herb. Torrey. 

Mobile Co., 1885, Dr. C. Mohr; Mobile, 1878, 


Alabama. 


























Dr. C. Mohr. Jssissippt.—Ocean Springs, 1890, Miss 
Cath. Skeehan. 
Type in Herb. Col. Coll. 


21. P. NUTTALLIL, Torr. and Gray, Fl. N. A. i. 670, (1840), 
excl. syn. 
P. sanguinca, Nutt. Genera, it. 88, (1818), not L. 
P. ambigua, Torr. and Gray, Fl. N. A. i. 130, (1838), not 
Nutt. 


Glabrous throughout; stem erect, slender, 4'-9' high, 
branched, or in some cases simple; leaves alternate, 2’’- 6” 
long, those on the stem often oblanceolate, the rest linear; 
spikes more or less cylindrical, often apiculate, 27-3” in 
diameter ; bracts persistent; flowers greenish-purple, on very 
short pedicels; wings less than 1” long, elliptical or obovate- 
elliptical, with a short claw, about five-veined, minutely 
mucronate, the mid-vein thickened atthe tip; crest of keel very 
small, made up of a few papilloid processes; stamens eight in 
number; style very small, resembling that of the preceding 
species; mature capsule very small, shorter than broad; seeds 
minute, somewhat pear-shaped, dark-brown, hairy, the two 
caruncle-lobes about 4 the length of the seed. 

Massachusetts —Martha’s Vineyard, 1825, Oakes. Ahode 
/sland.—Thurber; 1846, Thurber and Calder; Providence, 
Olney. .Vew York.—Long Island, Cedarhurst, 1886, J. A. 
Bisky. Pennsylvania —Lanc. Co., New Texas, 1861, J. J. 
Carter; Chester Co., 1889, Witmer Stone; Philadelphia, 1844, 
ex. Herb. Dr. G. Watson; Bethlehem, J. Wolle; Franklin 
Co., Mercersburg, ex. Herb. Dr. Traill Green; near Bristol, 
1865, C. F. Parker; Delaware Co., Tinicum, 1866, Thos. C. 
Porter; Pike Co., 1870, Thos. C. Porter; Chester Co., 1889, 
T. C. Porter; Lancaster Co., Smithville, 1865, T. C. P. Mew 
Jersey. —Nuttall, (dist. as P. sanguinea), (type); Pine Barrens, 
1834; 1856, Dr. Short; 1861, Herb. Wm. M. Canby; Egg 
Harbor, 1889, Dr. J. B. Brinton; bet. Eatontown and Me- 
chanicsville, 1865, T. F. Allen; Laurence Station, 1885, Rev. 
J. E. Peters. Delaware.— 1866, Canby; Townsend, 1862, Herb. 
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Wm. M. Canby. JJaryland.—Wm. M. Canby. Kentucky.-- 
Hooker. 
Type in Herb. Col. Coll. 


22. P. SENEGA, L. Spec. Pl. 704, (1753). 
Senega officinalis, Spach, Hist. Veg. vii. 129, (1839). 


Stems, usually several from a thick rootstock, erect or 
ascending, 
lent, usually simple, occasionally branching above, leafy; 


straight or curved, 6’-18' high, minutely puberu- 


leaves numerous, alternate, lanceolate, or some almost linear- 
lanceolate, %'-1%' long,scabrous on the margin, often a few, 
smallandscale-like, atthe bases ofthe stems; spikes cylindrical, 
1'-1'%4' long, 2”-4” in diameter; flowers white or greenish- 
white, nearly sessile, wings circular-obovate, concave, 17-11%” 
long; crest of keel small, consisting of several short, thick 
processes; stamens eight in number; style short, galeate, or 
sharply curved, appendage wanting or represented by a min- 
ute tuft of hairs; mature capsule nearly orbicular, compressed; 
seeds obovoid, somewhat curved, only moderately hairy, the 
two caruncle-lobes rather broad, collateral, about as long as 
the seed. 

Canada.—Rocky Mts., Canmore, 1885, Macoun; Saskatch- 
awan, 1858, E. Bourgeau, No. 40; Manitoba, Assinaboine 
River, 1879, Macoun; Lake Winnipeg Valley, 1837, Bour- 
geau; E. coast of Hudson’s Bay, 1879, Dr. Robert Bell, No. 
23; Ontario, Belleville, 1865, 1867, 1878, Macoun. 

Dakota.——Black Hills, 1887, Dr. W. H. Forwood; near 
Devil's Lake, ‘ Nicollet’s northwest. exped.,” 1839, Chas. A. 
Geyer, (a stunted form). 

Minnesota.—Minneapolis, 1886, O. W. Oestlund; Henne- 
pin Co., 1890, ex. Herb. j. H. Sandberg. 

Wisconsin.—Madison, T. J. Hale. 

NTaine.— Aroostook, 1882, Geo. U. Hay. 

Vermont.—Colchester, Oakes; Charlotte, 1877, C. G. 
Pringle. New York.—Albany, Herb. Torrey; Watertown, 
1834, Dr. Gray; Penn Yan, 1852, Sartwell; near Painted 
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Post, 1885, ex Herb. Isabel S. Arnold; Yates Co., Wright; 
“ Hill opp. Tioga, W.” 

Pennsyvlvanta.—Chester Co., Brookfield, 1861, Herb. Wm. 
M. Canby; Delaware Co., 1860, 1863, Wm. M. Canby; near 
Frankford, Conrad; Blair Co., Hollidaysburg, 1851, J. R. 
Lowrie; Huntingdon Co., near Alexandria, 1844; Chestnut 
Hill, ex Herb. Isaac Burk; Lance. Co., New Texas, 1863; 
Conewago, 1889, J. K. Small. 

Maryland.—Near Baltimore, 1867, R. V. LeRoy; How- 
ard Co., Patapsco Valley, 1881, J. D. Smith; Garrett Co., 
1885,].D. Smith. l7rg7nza.—Salt Pond Mt., 1890, A. Brown 
and others. 

North Carolina.—Asheville, 1886, Thos. Hogg. * Mts. 
of Carolina and Georgia,’ S. B. Buckley. Kentucky.—Barrens 
of Green River, C. W. Short. 7enxnessee—Cumberland Mts., 
1842, Rugel. ///:nots—Menard Co., Mr. Hall; ‘‘Upper Missis- 
sippi, 1830, A. B. Eaton; ** Franklin’s Journey,” Dr. Hooker, 
Herb. Torrey. 

Gronovius’ specimens on which the species is based in 
Herb. Mus. Brit. N. L. B. 

Var. LATIFOLIA, Torr. and Gray, Fl. N. A. ,i. 131, (1838). 

Leaves ovate-lanceolate or elliptical, acuminate, tapering 
at the base, 2’-4’ long, 1'-1%' broad, margin serrulate. 

Pennsylvania.—Delaware Co., 1863, 1873, Wm. M. Can- 
by; Chaddsford, 1863, 1878, ex Herb. Wm. M. Canby. 
Virginia.—Bedford Co., 1871, A. H. Curtiss, (a peculiar form 
with lower leaves like the type and upper leaves like the var- 
iety). 

Kentucky.—Cliffs of Kentucky River, 1834, Dr. Robert 
Peter; 1857, Dr. C. W. Short; Shakertown, Dr C. W. Short, 
(type); Cliffs of Elkhorn, near Frankfort, 1861, Dr. C. W. Short. 
/ennessce.—Currey, Wilkinson; Cumberland Mts., above 
Montgomery, 1842, Rugel. ‘Alleghany Mts.” 1831, Herb. 
H. H. Katou. 

Type in Herb. Acad. Nat. Sci. Phila. 
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23. P. ALBA, Nutt. Genera, ti. 87, (1818). 

P. Seneca, var. tenutfolia, Pursh, 750, (1814), not P. ten- 

uifolia, Willd. 

P. bicolor, H. B. K. Nov. Gen. v, 394, t. 507, (1821). 

P. lorreyi, Don, Gardener's Dict., 1. 360, (1831). 

P. beyrichu, Vorr. and Gray, Fl. N. A. 1. 130, (1838). 

P. scoparia, Benth. Pl. Hartw. 8, (1839), not H. B. K. 

P. aparinoides, Hook. and Arn. Bot. Beechey, 277, (1841) 

fide Seemann. 

Glabrous throughout; stems several or many froma woody 
rootstock, erect or ascending, straight or somewhat curved, 
angled or grooved, 6'-18' high, in = most cases” sim- 
ple, occasionally sparingly branched above; leaves alternate, 
acute, linear, linear-lanceolate or linear-subulate, %’-1' long, 
or in some cases a few of the lower ones 2-3” long, oblance- 
olate, in apparent whorls; spikes conical, in some cases race- 
mose, often long-peduncled, 2”-3" in diameter at base, %'-2' 
long; bracts deciduous, the axis of inflorescence at length 
often much elongated, scarred; flowers white, on pedicels about 
¥%" long; wings obovate or oval, 1”-1%" long; crest of keel 
fimbriate, the processes rather long and narrow; stamens 
eight in number; style short, minutely auriculate above the 
middle and above the pedicelled stigmatic gland, terminating 
above in a filiform, minutely tufted appendage; mature cap- 
sule more or less ovoid, 1'’-1™%” long; seeds obovoid, hard- 
lycurved, covered withappressed silky hairs, the twocaruncle- 
lobes about half as long as the seed. 

Louistana.—1842, Dr. C. W. Short, (dist. as P. leptocaulis, 
T. and G.); Bradbury, (dist. as /. Seneca, var. tenutfolta, 
probably Pursh’s specimen). Arkansas~—ex Herb. Beyrich. 
Missouri.—Nuttall, (type); ‘* Upper Missouri,” 1853, Dr. Suck- 
ley; ‘‘ Upper Missouri,” 1874, Dr. Cowes; ‘ Banks of Mis- 
souril, 1839, Nicollet's N. W. Exped., Chas. A. Geyer, No. 
253. /eras.—Wright; 1844, F. Lindheimer, No. 220; Drum- 
mond, No. 27; Austin, Drummond, No. 4; Fort Worth, 1877, 
Reverchon, No. 709; 1880, J. Reverchon, No. 64; * Prairies 
along the Rio Grande,” 1844, Dr. Meyer; Tom Green Co., 
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1879, 1880, Frank Tweedy; **Western Texas to El Paso, 
New Mexico,” 1849, C. Wright, No. go. 

New Mexico —i1847, A. Fendler, No. 110; 1851, C. 
Wright; Santa Magdalena Mts., 1881, G. R. Vasey; near 
Silver City, 1880, Ed. L. Greene; ** Leavenworth to E1 Paso,” 
KF. A. Diffenderffer, Herb. Porter. ‘* Mexican Bound. Sur- 
vey, Dr. C. C. Parry and others, No. 192. 

Aansas.—1884, Dr. J. H. Oyster; Fort Wallace, 1867, 
Dr. Wm. Bell; Ellis, 1874, L. Watson. 

Nebraska.—1888, Dr. Wilcox; Crowelton, EK. H. Miller, 
Herb. Wm. M. Canby. Dakota—Herb. Phila. Acad. 
Sciences; ‘ Prairies,” 1883, Herb. University of Minn; Black 
Hills, 1887, Dr. W. H. Forwood; * Lit. Missouri River,” 1882, 
Wm. M. Canby. Arisona.—lLemmon; * Rio Cienega, East 
of Tucson,” 1877, EK. L. Greene, No. 1079; Willowspring, 
1874, Dr. Rothrock, No. 207; Fort Verde, Dr. Mearns, No. 
327; **30 miles west of Big Spring,” 1883, Holstein. 

Washington.— Columbia Plains,” Nuttall. Lt. Beck- 
withs exped., No. 64. Long's ist exped., Dr. James. ** On 
the Platte,” Dr. Le Conte. 


24. P. sCOPARIA, H. B. K. Nov. Gen. v., 399, (1821). 

P. scoparia, var. multicaulis, Gray, Pl. Wright. 1. 38, (1852). 

Stems, several or many from a thick rootstock, erect, 4’- 
18’ high, straight or somewhat curved, irregularly branching, 
glabrous or more or less puberulent; leaves alternate, subu- 
late-linear, 3”-6” long, nearly erect; racemes %’'-1%’ long; 
bracts deciduous; flowers greenish-white; wings about 1” long, 
obovate or oval, narrowed below into a short claw; crest of 
keel made up of a_ few filiform processes; stamens 
eight in number; style short, open above and minutely auri- 
culate between the stigmatic gland, which is provided with a 
few minute hairs, and the sessile tuft, the appendage wanting; 
mature capsule long-ovoid or oblong-ovoid, somewhat com- 
pressed, about 2” long, usually provided with an_ indistinct 
wing on one margin from base to tip, most easily seen near 


the tip, the two cells usually unequal, the larger one being 
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that with the winged margin; seeds almost _ straight, 
short-clavate, minutely hairy, that in the larger cell 
somewhat larger, the two caruncle-lobes narrow, curved, flex- 
uous, those of the larger seed about half as long as the seed, 
those of the smaller seed shorter. 

Texas.—*' Western Texas to El Paso, N. Mexico,” 1849, 
Charles Wright, No. 100, (type of P. scoparia, var. multicauls, 
Gray); ** El Paso,” 1881, G. R. Vasey, (No. 39)?; ‘t Summit 
of Organ Mts.” 1881, J. G. Lemmon. 

New Mexico—1851, C. Wright, No. 934; ‘* Guadalupe 
Pass, Sonora,” 1852, No. 934. Avrisona.—Oak Creek, 1883, 
H. H. Rusby, No. 526; Foothills of the Santa Rita Mts., 1884, 
C. G. Pringle; ‘near Benson,” 1880. Mexican Bound. Sur- 
vey, Dr. C. C. Parry and others, No. 193. 


25. P. HEMIPTEROCARPA, A. Gray, Pl. Wright. ii. 31, (1853). 


Glabrous, or somewhat puberulent below; stems, often 
many from the same woody rootstock, erect, striate or angled, 
6’-2° high, usually sparingly branched above, branches fas- 
tigiate; leaves alternate, mostly erect, subulate-linear, acute, 
Yy'-1' long; racemes 1'-4' long, often loosely flowered toward 
the base; bracts deciduous; flowers whitish, at length pendu- 
lous; wings 1”-2” long, obovate or oval, narrowed into a 
short claw atthe base, much shorter than the mature capsule; 
crest of keel made up of several thickish processes; stamens 
eight in number; style much as in the preceding species; 
mature capsule compressed, oblong-ovoid, 2”-2%” long, the 
upper cell larger and furnished with a conspicuous wing on 
the margin from base to tip, which in some cases is almost 
¥,” broad; seeds straight, clavate, hairy, unequal in size, that 
in the larger cell larger, its two caruncle-lobes long, narrow, 
curved, flexuous, about two-thirds the length of the seed, that 
in the smaller cell smaller, apparently undeveloped, its two 
caruncle-lobes very short. 

lexas.—* Dist. by P. V. LeRoy.” New Mexico.—1851, C. 
Wright, No. 937, (type). Arisona.—Santa Rita Mts., 1884, 
C. G. Pringle, (dist. as P. a/ba, Nutt. or P. scoparia, H. B. K); 
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Southern Arizona, 1881, Lemmon, No.501; Huachuca Mts., 
1882, Lemmon, No. 2640; Mex. Bound. Survey, ‘near Camp 
Bache,” 1852, C. C. Parry and others, (No. 194)? 

Type in Herb. Gray. 

The two species just described, scopariaand hemipterocarpa, 
are much alike; Aempterocarpa isa taller and stouter plant, 
its racemes are longer, its capsules somewhat larger with a 
large, well developed half-wing whichis verysmall in the other 
plant; the two plants, however, have nearly the same range, 
and it is not easy to resist the impression that, in treating of 


the two, we are dealing with but one species. 


26. P. POLYGAMA, Walter, Fl. Car. 179, (1788) ex descr. 
P. rubella, Willd. Spec. PI., it. 875, (1800). 


Glabrous throughout; stems several or many, 4’-20' high, 
ascending, leafy, more or less striate, usually simple; leaves 
numerous, alternate, the lowest spatvlate, a few lines long, 
the rest spatulate, oblanceolate or obitong, %4'-1' long, usually 
mucronate, (in one specimen examined the upper leaves were 
narrowly oblong-obovate, 5” broad); racemes loosely several 
to many-flowered, 1I'-5' long; flowers rose-purple, or, in forma 
pallida, pale pink, the lower ones at length pendulous on ped- 
icels 1/-1%” long, wings obovate, 2”-3” long, longer than 
the corolla, venose, the two wings often unequal in size, crest 
of keel made up of several rather large, branched, somewhat 
winged processes; stamens eight in number; style short, 
dilated and cucullate, stigmatic gland pedicelled, tufted ap- 
pendage short and strongly curved towards the stigmatic 
gland; mature capsule ovoid to oblong-ovoid, rather more 
than 1” long; seeds thick, obovoid or ovoid, not curved, very 
hairy, the two caruncle-lobes conspicuous, parallel, broad, 
lace-like, almost 34 the length of the seed. Inconspicuous, 
colorless, but fertile flowers are often borne on short prostrate 
stems which are sometimes subterranean. 

Canada.—Ontario, near Castleton, 1865, Macoun; near 
Toronto, 1877, Macoun, (No. 374 )?. AlZatne—Orono, 1890, 
M.L. Fernald. Massachusetts —Plymouth, Oakes; N. Truro, 
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1887, S. Watson; Nantucket, 1885, ]. H. Redfield; Sconset, 
1890, Mrs. Hubert; Martha's Vineyard, Edgartown, 1885, J. 
H. Redfield. 

Rhode I[sland.—1846, Thurber and Calder; Smithfield, 
1867, ex Herb. Olney; Block Island. 

New York.—Oneida Lake, Dr. Torrey; Long Island, 
Montauk Point, 1865, Dr. T. Green; near Montauk Point, 
Cooper; Wading River, 1877, E. S. Miller; Hicksville Plain, 
1890, Geo. D. Hulst; Cedar Hurst, 1886, J. A. Bisky; Gar- 
den City, 1886, Thos. Hogg. .Vew Jersey.—Deal; Longacom- 
ing, 1862, Herb. Wm. M. Canby; Culver’s Gap, 1886, N. L. 
Britton. Pennsy/vania.—Near Philadelphia, 1844, ex Herb. 
Dr. G. Watson; West Philadelphia, ex Herb. Coultas.” 

Varyvland.—* Sandy Landing below Gt. Falls,” 1879, 
Lester F. Ward. Ilest | 7rginta.—Grafton, 1878, G. Gutten- 
berg, (upper leaves 5” broad), 

South Carolina.—Santee Canal, H. W. Ravenel; Bluff- 
ton, Beaufort District, 1887, Dr. J. H. Mellichamp; Society 
Hill, 1878, Herb. Wm. M. Canby, a tall specimen, almost 
two feet high. Gceorgia.—Boykin, ILeConte; Atlanta, 1869, 
Wm. M. Canby; Rock Mts., 1846; Macon, Mr. Loomis. 
klorida—Chapman, Dr. Alexander; St. John’s Co., 1882, J. 
D. Smith; Miami, 1877, Dr. A. P. Garber; New Smyrna, 1874, 
Dr. Edw. Palmer, No. 33. Alabama.—Miss R. L. P., 
Herb. C. W. Short, M. D. Louwszana.—Hale, ex Herb. 
C. Mohr; New Orleans, Dr. Ingalls. /eras.—1835, Drum- 
mond; 1836, Drummond, ex Herb. Shuttleworth, No. 24; 
(Bragos ?), 1844, Lindheimer; Hemstead, 1872, Elihu Hall, 
No. 94. 

[llhinois —Dixon, “ex coll. Dr. Vasey.”.— Wrsconsin.— 
Juneau Co., Camp Douglas, 1890, Kk. A. Mearns, No. 251; 
Lank Co., 1861, ‘‘ex coll. T. J. Hale.” JIf%chigan,—Fort 
Gratiot, Dr. Pitcher. 

Forma PALLIDA, Hollick, Bull. Torr. Club, xviii. 
256, (1891). Nantucket, 1885, J. H. Redfield. Long Island, 
Montauk Point, 1890, Arthur Hollick. 
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P. PAUCIFOLIA, Willd. Spec. PI. iii. part 2, 880, (1800). 

P. uniflora, Michx. FI. 1. 53, (1803). 

P. purpurca, Ait. f. Hort. Kew, iv. 244, (1812). 

lriclisperma grandiflora, Raf. Speech. i. 117, (1814), fide 
Raf. Journal de Physique, Ixxxix. 258, (1819). 


NI 


Glabrous below; stems usually several, 2-8’ high, slen- 
der, erect or ascending, striate, in most cases simple, arising 
from slender, creeping, often subterranean stems which often 
bear inconspicuous but fertile flowers; leaves alternate, all 
except the uppermost scattered, 1”-5’’ long, the smallest bract- 
like; the uppermost 3-6 in number, clustered at the summits 
of the stems, ovate, oval or elliptical, acute, sometimes mu- 
cronate, 34'-1'%' long, narrowed into a petiole 1”-3” long, the 
upper portions of the stems, also the petioles, mid-veins and 
margins of the leaves often puberulent; flowers rose-purple, 
or, in forma a/éa, white, large, 6”-g" long, showy, 1-4, axil- 
lary, but apparently in a terminal cluster, pedicels 5”-6” long; 
wings obovate, attenuate at the base, venose, rather more than 
4’ long, almost as long as the corolla; lateral petals oblony, 
concave; crest of keel conspicuous, fimbriate; stamens six in 
number; style long, enlarging slightly from below upwards, 
not cucullate or auriculate, without appendage, curved toward 
the tip which is slightly dilated and its margin denticulate, 
glabrous; mature capsule glabrous, compressed, somewhat 
circular in outline and retuse, or obcordate, about 3” long; 
seeds hairy, caruncle-lobes two or three, subulate, in some 
cases longer than the seed. 

Canada.—Lake Winnipeg Valley, 1837, Bourgeau; On- 
tario, near Trenton, 1870, Macoun; Missinaibi River, 1887, A. 
P. Low; New Brunswick, St. Stephen, 1881, Vroom; Ottawa 
Valley, Chalk River, 1884, Macoun. 

Maine.—Raymond, J. Blake; Mt. Desert Island, 1888, 
Greenleaf, Lane and Rand; Orono, 1890, M. L. Fernald. 
New Hampshire-—North Conway, 1874, Morong; Centre 
Harbor, 1881, Joseph Schrenk; Belknap Co., 1863, 1864, J. 
Blake: Wilton. 1889, E. G. Britton. Vermont.—Miss Hap- 
good. JJassachusetts.—H. Little; Westheld, Mr. Scott; Man- 
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chester, Oakes; Milton, 1875, Geo. E. Davenport.  Connectt- 
cut.—KEast Hartford. Rhode /sland.—Cumberland, Olney. 

New York.—Watertown, 1834, Dr. Gray; Long Island, 
Sag Harbor; Glen Cove, 1876, Herb. J. Schrenk. Pennsyl- 
vania.—Mts., Wm. Darlington; Altoona, 1862, Herb. Wm. M. 
Canby; Huntingdon Co., Thos. C. Porter; Sullivan Co., 
1864, Charles E. Smith; Monroe Co., Water Gap, 1870, 
Knipe; Centre Co., 1868, Rothrock; Lehigh Co., 1867, Gar- 
ber; Huntingdon Co., Short Mts., 1844; Chester Co., 1861 
and 1887, J. J. Carter; Tioga Co., Wellsboro, 1869, A. P. 
Garber; Northampton Co., Mt. Bethel, 1867, Dr. Meisell. 
New Jersey. ——Washington, 1868, A. P. Garber; Franklin, 
1890, H. H. Rusby; near Washington, 1868, Thos. C. Por- 
ter; Newfoundland, 1882, Herb. Jos. Schrenk. Delaware.— 
Mt. Cuba, 1890, Dr. J. B. Brinton. Waryland.—Garrett Co., 
1878, J. D. Smith. ‘ Yellowstone Park or Valley,” 1888, Dr. 
Chas. H. Hall; * Alleghanies,” 1832, Drummond, ex Herb. 
Shuttleworth. 

Forma ALBA. Flowers white. Pexnsy/vania.—Pinegrove, 
1860, J. R. Stauffer. 


28. P. LINDHEIMERI, A. Gray, Bost. Journ. Nat. Hist. vi. 
150, (1857). 

Pubescent, or in’ some cases merely puberulent; stems, 
several or many from a thick woody root, erect or ascending, 
2'-12' high; leaves numerous, alternate, sessile or with very 
short petioles, somewhat coriaceous, reticulately veined, cuspi- 
date, 4”-9” long, the lowest obovate, the rest ovate, oval, ellip- 
tical or lanceolate, more or less pubescent or puberulent, min- 
utely glandular; flowers in loose, few-flowered racemes which 
are terminal, or at length lateral, the rachis slender, more or 
less geniculate, with a persistent cluster of three bracts, one 
larger and two smaller, at each angle, pedicels very short, 
wings about 2%” long, oval-obovate, venose, about as long as 
the keel, lateral petals long, narrow, sometimes emarginate or 
mitten-shaped above, somewhat concave, reaching to the tip 
of the beak of the keel, keel cucullate and provided witha 
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slender, hardly curved beak about ™%” long; stamens eight, 


or in some cases seven, in number, filaments connected al- 
most to the anthers, somewhat dilated near the anthers; ovary 
pubescent; style long, slender, flexuous, curved above, neither 
auriculate nor cucullate, somewhat dilated near the tip which 
has a minutely denticulate margin; mature capsule com- 
pressed, oblong-ovoid, 3” or more long, slightly emarginate, 
puberulent, the upper sepal a little removed from the rest of 
the flower and often persistent; seeds obovoid, somewhat 
compressed, covered with dense, spreading hairs, the two car- 
uncle-lobes narrow, rather more than half as long as the seed. 

/exas.—Charles Wright; 1846, Lindheimer; 1847-1848, 
Lindheimer, No. 333, (type); Blanco, J. Reverchon, No. 63; 
near Comanche, 1877, Reverchon, No. 708; Austin, 1872, 
Elihu Hall; Fort Stockton, 1860, Patrick Duffy; Western 
Texas, 1851-1852, C. Wright, No. 1349; Maxon Spring, 
1883, Havard, No. 100; Western Texas to El Paso, New 
Mexico, 1849, Charles Wright, No. 102. ew Merico.—1851- 
1852, C. Wright, No. 1349. ‘* Mexican Boundary Survey,” C. C. 
Parry and others, No. 190. ‘* Upper Guadaloupe,” 1845, Nos. 
337 and 500. ‘ Eagle Pass and Rio Grande,” 1848, Wright. 

Type in Herb. Gray. 

Var. PARVIFOLIA, n. var. 

Puberulent; leaves all about the same size, small, ellipti- 
cal or narrowly lanceolate, 3”-4” long; mature capsule smaller 
and, especially, shorter than in the type. 

Arizona.—Foothills of the Santa Rita Mts., 1884, C. G. 
Pringle, ex Herb. J. D. Smith. 


29. P. TWEEDYI, Britton, n. spec. 


Puberulent throughout; stems, several from a curved or 
twisted root-stock, 8’ high, or less, slender, erect or ascending, 
more or less curved, leafy to the top, in most cases simple; 
leaves alternate, erect, sessile, %‘-1' long, linear to linear- 
lanceolate, acute, or the lowest oblanceolate; flowers small, 
about 2” long, few, rachis slightly geniculate, resembling 


somewhat that in the preceding species, wings obovate, some- 
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what concave, venose, about as long as_ the corolla, keel pro- 
vided with a slender beak about %”" long, stamens, in the only 
flower examined, 6, or perhaps 7, filaments united half way to 
the anthers; style long, rather slender, curved, neither cucul- 
late, auriculate nor dilated, stigmatic gland terminal, somewhat 


i? 


bilabiate; mature capsule about 2%” long, compressed, 
longer than broad, puberulent; seeds compressed-obovoid, 
hairy, two of the three caruncle-lobes cartilaginous, diverging, 
about half as long as the seed, the third very short. 

/evas.—TYom Greene Co., 1879, Frank Tweedy, (type). 
Perhaps also a plant in Herb. Canby, almost glabrous, about 
6’ high, *‘ex Herb. Gray, Gray, Pl. W.,” (dist. as 2?. pudberiula), 
and another, also in Herb. Canby, ** Texas, dist. by P. V. Le 
Roy,” (dist. as P?. Lindheimeri, Gray 

Type in Herb. Col. Coll. 


30. P. ACANTHOCLADA, A.Gray, Proc. Am. Acad. xi. 73, (1876). 


More or less cinereous-pubescent, almost shrubby, two 
feet or less in height, the branchlets terminating in slender 
spines which are sometimes compound; leaves linear-spatu- 
late or linear-oblanceolate, 3''-6"" long, alternate, scattered: 
flowers subanillary, few, white, or whitish, about 2” long, the 
bracts at the base of each pedicel two in number, wings obo- 
vate, keel short, cucullate, with a short, conical, blunt beak, 
or, in some cases, the beak represented by a mere ridge. 

Colorado or Ctah.—san Juan River, 1875, T. S. Brande- 
gee, (type). Celorado.-—**On the San Juan, near the Utah 
line,’ 1875, T. S. Brandegee, No. 1172, Herb. Porter. Arzzona. 
—S'ta. Catalina Mts., 1881, J. G. Lemmon, No. 601. .Vevada. 
—KEsmeralda Co., Candilaria, 1881, W.H. Shockley. 


Type in Herb. Gray. 
31. P. SUBSPINOSA, 5. Watson, Am. Nat., vii. 299, (1873). 


Glabrous or somewhat pubescent; stems numerous, 2-8’ 
high, branched above, the branches usually spinose; leaves 
alternate, scattered, in most cases few, spatulate, oblong or 
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linear-lanceolate, %‘-1' long, obtuse or acute; flowers few, in 
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a loose raceme, wings oblong, 4”-5"' long, rose-colored, la- 
teral petals linear, as long as the keel, keel cucullate, yellow- 
ish, provided with a thick, blunt beak which is rather short 
and not erect; capsule obovate, emarginate, about 3” long; 
seeds hairy. 

Nevada.—Near Silver City, 1862, Kellogg, (type). 
Southern Ctah.—1873,Capt. Bishop; Kanab, Mrs. Thompson; 
“Southern Utah, etc..” 1874, Dr. C. C. Parry, No. 32; 
‘Southern Utah, Northern Arizona, etc.,’ 1877, Dr. E. Pal- 
mer, No. 50. 

Type in Herb. Gray. 

32. P. Ruspyi, Greene, Bull. Torr. Bot. Club, x. 125, (1883) 

Hoary-pubescent; low; stems, several or many froma 
woody rootstock, 2’-6' long, rather stout, branching, spread- 
ing, reclining or decumbent, leafy, without spines; leaves 
alternate, numerous, nearly or quite sessile, 3/’-8” long, canes- 
cent, the largest about 3’ broad, elliptical, or obovate-elliptical, 
in most cases acute; racemes loosely 4-8 flowered, bracts 
scarious-margined, ciliate, pedicels 2’’-3” long; flowers showy, 
4”-5"’ long, the lowest often pendulous, wings somewhat con- 
cave, narrowly obovate or oblong, venose, flesh-colored or 
purplish, somewhat longer than the keel, lateral petals often 
longer than the keel, narrow, venose, In some Cases retuse, 
keel yellowish, provided with a_ rather large, almost 
straight, blunt beak; stamens eight in number, anthers 
emarginate at summit; style long, curved, broadening some- 
what above, neither cucullate nor auriculate, stigma indis- 
tinctly bilabiate, the lower lip often minutely bearded be- 
neath. 

Arisona.—1870, Dr. Palmer; near Prescott, 1883, H. H. 
Rusby, (type); Prescott, 1876, Dr. E. Palmer, No. 34, (dist. 
as P. subspinosa, Watson); Peach Springs, 1884, J. C. Lem- 
mon; Marcus E. Jones, (dist. as ?. sudspinosa, Watson); Bang- 
hart’s Ranche, 1883, H. H. Rusby, No. 525; Fort Verde, Dr. 
k. A. Mearns, (No. 323 ?). 


The above species is referred to, in the original descrip- 


‘ 














a 























140 


tion of PP. subspinosa, Watson, as a densely pubescent but 
spineless formof the same. 


Authentic specimen in Herb. Col. Coll. 


33. P. CUCULLATA, Benth. Pl. Hartw. 299, (1849). 
P. Californica, Nutt., Torr. and Gray, FI. i. 671, (1840). 
P. Nutkana, Torr. and Gray, FI. 1. 671, (1840). 
Glabrous, or puberulent above; stems slender, curved, 
reclining or ascending, 2'-12' long, simple, or branched above; 
leaves alternate, glabrous, or puberulent, at least on the mid- 
vein on the under surface of the leaf, ovate-elliptical, ellipti- 
cal or oblong-lanceolate, %'-1™%’' long, acute or obtuse, in 
some cases cuneate at base, petioles hardly more than 4” 
long; flowers rose-colored, few, rarely more than ten, 5/’-6” 
long, in a raceme terminating the stem or branches, pedicels 
1'’-3'' long, sepals minutely ciliate on the margin, otherwise 
nearly glabrous, wings spatulate, almost as long as the keel, 
lateral petals linear-lanceolate, as long as, or even longer 
than the keel; keel bearing a rather conspicuous, stout, 
curved, blunt beak; stamens eight in number, filaments united 
for the lower two-thirds of their length, filiform above; style 
long, rather slender, much curved above, neither cucullate 
nor auriculate, stigma obscurely bilabiate, minutely bearded 
on the lower lip; mature capsule glabrous, or nearly so, com- 
pressed, oval to ovate, about 4”’ long, retuse between the tips 
of the narrow, veined, wing-like margins of the capsule; 
seeds only slightly hairy, the caruncle-lobes united, somewhat 
bonnet-shaped, about one-third as long as the seed. 
California —Hartweg, Dr. Gibbons; 1872, Miss Mary J. 
Bancroft; Santa Cruz, 1865, C. L. Anderson; 1882, C. C. 
Parry; Monterey, Andrews; 1850, Dr. C. C. Parry; Ukiah, 
1864, H. N. Bolander, No. 3917; 1882, C. Purdy; Napa Val- 
ley, 1865, J. Torrey, No. 76; near San Francisco, 1865, J. 
Torrey ; Marin Co., 1880, G. R. Vasey, No. 41; Mariposa, 
1883, T. Meehan; Summit Mt. Tamaulpais, 1874, J. G. 
Lemmon, No. 486; Bolinas Bay Hills, 1866, Kellogg, (Geol. 
Survey of Cal.). 
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Oregon.—Josephine Co., 1876, L. W. Lee ; Waldo, 1884, 
Thomas Howell. 


34. P. CORNUTA, Kellogg, Proc. Calif. Acad., 1. 61, (1855), 
fide Greene. 

P. California, Brew. & Wats. Bot. Cal. i. 59, (1876), 
(not Nutt). 


Glabrous, or nearly so, 6’—18' high, stout, often much 
branched ; leaves alternate, almost or quite glabrous, ovate, 
elliptical, lanceolate, or some of the smaller ones obovate, 
obtuse and more or less mucronate, or, in some cases, slightly 


; 47 


retuse, %’-1'%' long, 3”’—7” broad, nearly sessile; flowers 


a 
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in racemes terminating the stems, greenish-white, 4”—5 
long, pedicels about 2” long; bracts often persisting for some 
time; in most cases all the sepals tomentose, wings oblong, 
venose, hardly as long as the keel; keel much as in the pre- 
ceding species but its beak acicular, erect; lateral petals 
shorter than in the preceding species, not reaching the tip of 
the beak; stamens eight in number; style much as in the 
preceding species; mature capsule compressed, about 5” 
long, broadly ovate or somewhat circular in outline, retuse or 
emarginate; seeds densely hairy. 

California. —Nuttall, Rev. Mr. Fitch; Santa Barbara 
Co., 1865, J. Torrey; Los Angeles Co., St. Anita Canon, 
1883, J. C. Nevin, No. 849; Siskiyou Co., 1881, C.G. Pringle; 
1876, Ek. L. Greene, No. 1o1t; Scott Valley, Callahan's 
Ranch, 1876, E. L. Greene, No. 1011; Plumas Co., 1875, 
Mrs. M. E. P. Ames; 1876, Mrs. Ames, Herb. Wm. M. Canby; 
Butte Co., 1878, Mrs. J. Bidwell; San Diego Co., Jamuel 
Valley, 1875, Dr. Ed. Palmer, No. 19, (dist. as P. cucullata, 
Benth); ‘Upper Sacramento,” 1838-1842, Herb. U. 5S. 
South Pac. Explor. Exped., No. 1595; *t Frémont’s Exped. to 
Calif.,” 1845-1847; ‘*Geol. Survey of Calif.,” 1860-1862, 
near Mt. Shasta, W. H. Brewer, No. 1369; ‘* Geol. Survey of 
Calif.,” 1866, Rattan; «P. R. R. Surv. Calif. and Oregon, 
foot of Mt. St. Joseph’s,” Dr. J. S. Newberry. 
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35. P. MACRADENIA, A. Gray, Pl. Wright., 1. 39, (1852). 

Cinereous-pubescent; 2’—-10' high; stem very stout, 
woody, twisted, procumbent, much branched; leaves alter- 
nate, very numerous, oblong or oblong-lanceolate, 2”—3” 
long, obtuse, densely cinereous-pubescent, with comparatively 
large, roundish, black or yellowish-brown glands, more 
numerous upon the under surface; flowers solitary, scattered, 
almost sessile; wings 2”-2%” long, obovate or oblong- 
obovate; lateral petals as long as, or longer than, the keel, 
narrow, curved near the truncate or retuse tip; keel some- 
what three-lobed, naked, without crest or beak; stamens 
eight in number, filaments united almost to the anthers; 
style slender, curved above the middle, not dilated, neither 
cucullate nor auriculate; mature capsule ovate, compressed, 
about 3” long, emarginate, puberulent; seeds narrowly obo- 
void, curved, densely appressed-hairy, caruncle helmet-shaped 
or miter-shaped, with three short, acute lobes 

/exas.—1851, Geo. Thurber; C. Wright, No. 101; ** Rio 
Grande,’ 1848, Wright; EK] Paso, 1881, G. R. Vasey; 1858, 
I. Dieffenderffer, No. 76; ** Western Texas to El Paso, New 
Mexico,” 1849, Chas. Wright, No. tot. New JWesrico.-—1851 
—1852, C. Wright, No. 1348. Ariésona.—Santa Cruz, 1884, 
W. F. Parish; * Hills near Tucson,” 1883, C. G. Pringle; 
‘Camp Grant,” 1867, Dr. Ed. Palmer; **Santa Catalina Mts.,” 
1881, J. G. Lemmon, No. 125. 


Type in Herb. Gray. 


36. P. OVALIFOLIA, A.Gray, Pl. Wright., i. 39, (1852). 


Velvety-pubescent; 3’-10' high; stems few or many 
from a stout, woody base, erect or ascending, flexuous, leafy 
to the summit, simple or branching; leaves numerous, alter- 
nate, 4”’—1’ long, the lower, smaller ones round-ovate, the 
larger ovate, oval or ovate-elliptical, the uppermost often 
ovate-lanceolate, acute, the rest more or less obtuse, though 
often mucronate, both surfaces, but especially the lower, more 
or less papillose and pubescent, the margin spreading-cili- 


ate, petioles very short; flowers greenish-yellow, the lower 
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pendulous, in rather crowded, 12 to 25 flowered racemes 


// 


terminating the stems and branches; pedicels 1”’—2” long; 
wings about 24%” long, oval, the outer surface pubescent or 
puberulent, the margin ciliate, shorter than the keel which 
they do not cover or conceal; lateral petals much _ shorter 
than, often only one-half as long as, the keel; keel mostly 
uncovered, the most conspicuous part of the _ flower, 
3°-4° long, naked, without crest or beak; stamens eight in 
number; stvle slender, curved, neither dilated, cucullate nor 
auriculate, stigma apparently two-lobed and bearded between 
the lobes which are somewhat separated; mature capsule 
compressed, almost circular in outline, 5”—-6” long, deeply 
emarginate, surfaces glabrous, margin ciliate; seeds witha 
short, bonnet-shaped caruncle. 

/evas.—Rio Grande, 1848, Wright, (type); ‘ dist. by 
P. V. Le Roy,” in Herb. Canby; Uvalde Co., 1885, J. Rever- 
chon, No. 1492, (dist. as P?. vvalifolia, D.C.); San Diego, 
1884-1888, Miss Mary B. Croft, No. 29; Western Texas, ‘on 
the Sabinal,” 1885, J. Reverchon, No. 12, (dist. as P. oval- 
Jolia, D.C.); Western Texas, 1851, C. Wright, No. 935; 
‘Western Texas to El Paso,” 1849, Chas. Wright, No. 103. 

New Merico—i851, C. Wright, No. 935. Mexican 
Bound. Survey, C. C. Parry and others, No. 191. Mexico. 
—Monterey, ‘*Kdwards and Eat.”, (ex Herb. J. Torrey); 
1880, Dr. Ed. Palmer, No. 65. Type in Herb. Gray. 

This plant was at first taken for P. ovalifolia, D.C., by 
Dr. Gray in Pl. Lindh., ii. 151, but the distinction between 
the two is clearly indicated by him in Pl. Wright., as above. 

P. ovalifolia, D.C., is not pubescent, but puberulent or 
almost glabrous, the veins on the under surface of the leaves 
stand out prominently, the racemes are, in most cases, made 
up of fewer and more erect flowers, the wings are as long as, 
or even longer than, the keel which they almost conceal, the 
narrow lateral petals are almost as long as the keel, and, ac- 
cording to DeCandolle, the surfaces of the capsule are pube- 
scent. The only specimens seen by the writer are from 
Mexico, and, therefore, not within the limits of this paper. 
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37. P. PUBERULA, A. Gray, Pl. Wright. i. 40, (1852). 

Puberulent; stems erect or ascending, 6’—18' high, some- 
what flexuous, in most cases branched, branches erect; leaves 
numerous, alternate, linear-lanceolate to lanceolate, 42-1’ 
long, almost sessile, puberulent, often mucronate; flowers 
purplish or bluish, in open, rather few-flowered racemes 
which may become several inches long, fertilized flowers, and 
capsules, pendulous, pedicels about.1” long, floral envelopes 
early deciduous; wings obovate, ciliolate, 2”—3” long, in mast 
cases somewhat appressed to, and almost as long as, the 
keel; lateral petals broad, obtuse, almost spatulate, in some 
cases slightly emarginate, considerably shorter than the keel; 
keel naked, without crest or beak; stamens eight in number, 
flaments united almost to the anthers; style slender, curved, 
neither dilated, cucullate nor auriculate, stigma two-lobed, 
not bearded; mature capsule compressed, oval, or almost 
circular in outline, emarginate, about 4” long, the surfaces 
glabrous, or in some cases puberulent, the margin sparsely 
ciliate, the immature capsule somewhat obovate; seeds 
obovoid, hairy, the caruncle-lobes forming three lacerate, 
somewhat curved processes, about one-quarter the length of 
the seed. 

lexas.—?P. V. Le Roy; Western Texas, Bofecillos Mts., 
i881, V. Havard, No. 102, (18’ high, leaves erect, probably 
P. puberula); Foot-hills Bofecillos Mts., 1883, V. Havard, 
No. 99, and Chisos Mts., 1883, V. Havard, No. 98, (leaves 
linear, 3’-10” long, perhaps a variety); Western Texas to 
kl Paso, 1849, Chas. Wright, No. 104. 

New Mexico—i1851-1852, C. Wright, No. 936, (type); 
185i, ex coll. Geo. Thurber, 1871, F. R. Diffenderffer, (prob- 
ably P. puberula); Mangus Springs, 1881, H. H. Rusby, No. 
33, and, in Herb. J. D. Smith, Mogollon Mts., 1881, Henry H. 
Rusby, No. 31, (probably P. puderu/a); ‘near Silver City,” 
1880, E. L. Greene. 

Arizona.— Ash Ck.,” 1874, Dr. J. T. Rothrock, No. 312; 
‘near Tucson, Sa. Catalina Mts.,” 1881, J. G. Lemmon, No. 
124; ‘‘Camp Bowie,” 1874, Rothrock, No. 459; Foot-hills of 
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Santa Rita Mts., 1882, C. G. Pringle, No. 20; Foot-hills of 
Santa Rita Mts., 1884, C. G. Pringle; ‘* Bower’s Ranch,” Dr. 
Palmer, (probably P. puberula); ** Beaver Head,” 1883, H. 
H. Rusby, No. 527, (probably P. puderula),. 
Mexican Bound. Survey, C. C. Parry and others, No. 189. 
Type in Herb. Gray. 


38. P. GRANDIFLORKA, Walt. Fl. Car. 179, (1788), ex descr. 

P. Senega, var. rosea, Michx. FI. ti. 53, (1803). 

P. pubescens, Muhl. Cat. 66, (1813). 

P. Muhlenbergi, Don, Gard. Dict. i. 358, (1831), 

Pubescent; stems several, or in some cases only one, 
rather slender, 8’—20’ high, ascending, slightly curved, sim- 
ple or branching, leafy to the top; leaves alternate, linear- 
lanceolate to lanceolate, or some of them almost elliptical, 
often mucronate, slightly pubescent, especially near the mar- 
gin, %’-1%' long, on very short petioles; flowers rose-color 
or purplish, becoming greenish, scattered, often distant, the 
lower ones mostly drooping, in elongated racemes, often sev- 
eral inches in length, the recurved pedicels about 2” long; 
wings persistent, circular-deltoid, comparatively large, 3-4” 
broad, short-clawed, glabrous, conspicuously venose, covering 
and more or less concealing the corolla or the capsule; later- 
al petals venose, dilated above, or spatulate, much shorter 
than the keel; keel naked, without crest or beak, more or less 
plicate at the sides below, cucullate, with sometimes a slight 
callosity at the tip; stamens eight in number, filaments slen- 
der, united only below the middle; style slender, bent near 
the middle at an acute angle, somewhat dilated below, neither 
cucullate nor auriculate, minutely bearded for a short distance 
below the stigma; mature capsule compressed, obovoid or 
oblong-obovoid, emarginate, 2%"-3" long, glabrous, or 
nearly so; seeds oblong-ovoid, somewhat compressed, very 
hairy, hairs silky, caruncle cartilaginous, helmet-shaped with 
three short projections, conspicuous. 

South Carolina.—Charleston, Dr. Bachman; Society Hill. 
1878, Herb. Wm. M. Canby, and 1884, J. D. Smith; Bluffton, 




















Beaufort Dist., 1873 and 1886, Dr. J. H. Mellichamp. Geor- 
gia.—Le Conte, Baldwin. //orida.-—Dr. Torrey, Mr. Ware, Dr. 
A. W. Chapman, Mrs. Treat, and 1875, Mary C. Reynolds; 
Indian River, 1874, Dr. Ed. Palmer, No. 31; Hibernia, 1869, 
Wm. M. Canby; Manatee Co., 1887, Dr. J. T. Rothrock; 
Fort Meade, 1880, J. D. Smith; Tampa, Bay, 1845, Rugel, No. 
39; Tampa, 1880, J. D. Smith; “near Jacksonville,” A. H. 
Curtiss, No. 513; Miami, 1877, Dr. A. P. Garber; Keys, Sara- 
sota, 1876, Dr. A. P. Garber; Key West, Blodgett. .d/a- 
bama.—Gates. Jississippi—Columbus, 1890, 5. M. Tracy. 

Var. ANGUSTIFOLIA, Torr. and Gray, i. 671, (1840). 

Leaves linear, almost glabrous, flowers usually somewhat 
smaller. 

Florida.—Dr. Leavenworth, Dr. A. W. Chapman; Lake 
Astachusa, Sumter Co., 1879, J. D. Smith; * near St. Marks,” 
1843, Rugel; Key West, 1846, Rugel, No. 37, (dist. as ?. 
flabellata, Shuttl.); Miami, 1877, Dr. A. P. Garber; Biscayan 
Bay, 1874, Dr. Ed. Palmer, No. 32; Pine Key and Key West, 
Blodgett. 

Type in Herb. Col. Coll. 


In his Flora of North America, Part iv. pp 88-90, (1836), 
Rafinesque describes seven species under the generic names 
Asemeia and Polygala. I have not been able to find authentic 


specimens of any of them, and his descriptions are not suffici- 


ent for their positive identification. 

Besides the specimens contained in the Herbartum of 
Columbia College, there have been examined, in the prepara- 
tion of this paper, those in the Gray Herbarium at Cambridge, 
the Herbarium of the Academy of Natural Sciences of Phila- 
delphia, ana that of the Geological and Natural History Sur- 
vey of Canada, and also those in the Herbaria of Prof. Thomas 
C. Porter, Capt. John Donnell Smith and Mr. Wm. M. Canby. 
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